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FOREWORD

The Field Experiments Division (formerly the Combat De-
velopments Division) of RAC is attempting to provide timely
solutions to current Army problems involving tactics and doctrine.
Field Experiments Division researchers have found that one of
the most effective means of accomplishing this objective is work-
ing with combat-ready forces in sector. This paper describes
helicopter reconnaissance experiments conducted near Niirnberg,
Germany, with the 2d Sqdn, 4th Cav, 4th Armd Div. This field en-
deavor represents one of the first two-sided free-play helicopter
reconnaissance experiments conducted. Reconnaissance tech-
niques examined include (a) flying justabove treetop level, (b) fly-
ing nap of the earth, and (c) flying nap of the earth and dismounting
an observer to go forward on foot or popping upbriefly from con-
cealed positions to observe suspected hostile areas.

Richard E. Tiller
Chief, Field Experiments Division
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Problem

To evaluate helicopter reconnaissance techniques against diverse ground
complexes in terms of relative acquisition capabilities and helicopter surviva-
bility.

Facts

Two types of reconnaissance missions are envisioned for the 1965~1975
time frame, the first of which would be a truly high-level area survey of the
complete battle area. This might be carried out by fixed-wingaircraft operat-
ing at altitudes of 45,000 ft or more. The secondtype of reconnaissance mis-
sion would be battlefield surveillance over forward areas. This might be car-
ried out by unmanned aerial drores, ground-reconnaissance elements, fixed-
wing aircraft flying at low altitude, or helicopters of an air cavalry troop.

In a tank-vs-tank exercise conducted in Germany in July 1962 a single
helicopter was tactically employed as support to one of the tank forces. Al-
though no couclusions were drawn from this limited activity, the exercise did
suggest some interesting implications on the tactical use of helicopters and
served as a feasibility study for the work presented in this paper.

Among the advantages of emploving a helicopter in a forward-area recon-
naissance mission would be its ability to coordinate rapid destruction of the
enemy it has located. It may call for artillery fire and adjust this fire by
sensing rounds—employing a pop-up tactic. It might, as another alternative,
radio for a tank-killer team and coordinate the latter’s activity.

In theory the helicopter would be an excellent means of obtaining infor-
mation ~f enemy activity in the forward areas and providing immediate feed-
back to the command position., Its ability to get to the area of responsibility
quickly and to make terrain “work for it” to avoid detection while reconnoiter-
ing are exploitable characteristics of the aircraft. In practice, however, the
selection of a tactic orcombination of tactics that best enhances the capabilities
of the helicopter in the performance of its mission is not necessarily a well-
defined operation.

RAC-T-433 1




SUMMARY

Discussion

During the month of July 1963 an experiment was conducted in the area
south of Niirnberg, Germany, to determine the effectiveness of three techniques
of helicopter reconnaissance: (a) flying high (just above treetops), (b) flying
low (nap of the earth), and (c) flying low and popping up from concealed posi-
tions or dismountinganobserver to go forward on foot to reconnoiter suspected
hostile territory. Helicopters were employed singly and in pairs. Threetypes
of target complexes (dispersed, concentrated, and moving) were investigated
during 5 days of runs. A total of 27 runs using 40 helicopters were made in
the manner indicated in Table 1. Of these 27 runs, 10 were conducted against
a dispersed ground complex, 13 against a concentrated complex, and 4 against
a moving column.

TABLE 1

Helicopter Reconnagissance Experiment in

Germany, July 1963

Helicopters
vsed Total
Flhght tactic 1 2
Runs

High 8 3 5
low i ' 8
Low with dismounts

and or pop-ups i 6 10

Total I 13 27

Experimental Procedure

The scenarios were designed to be as realistic as possible and still be
within the constraints necessary to maintain control. The ground elements
(tanks, APCs, jeeps, and infantry) were tactically located to allow for a ground
threat as well as one from the air. These elements were required to make both
sighting and firing reports. Gun cameras were appended to the firing systems
in each position to record data on accuracy and duration of fire.

The OH-13 helicopters reconnoitered their area of responsibility after a
briefing on the tactical situation and mission. In performing reconnaissance
they were constrained only by the tactic of flight. The path of flight, positions
of pop-up or dismounting, speed, and consequently the length of mission were
left to the crews’ discretion. The aircraft were required to make sighting re-
ports but were instructed not to simulate fire in any situation.

A standard pen recorder was used to record necessary time information,
Flight paths were reconstructed from maps drawn by RAC data collectors

2 RAC-T-433




positioned in the area and from maps drawn by the pilots who performed the
mission. Gunfire simulators, machinegun blanks, and taped combat sounds
were included in selected portions of the experiment for added realism.

Limitations

When conducting an experiment of this type in the field, especially with
personnel from a tactical unit, certain trade-offs between rigorous experi-
mental design and maintenance of tactical reality are required. The success
of such an undertaking depends to a large degree on the cooperatiou of the US
Army and the units involved and on the availability of human and muaterial re-
sources, Conduct of an experiment should provide training benefits wherever
possible.

Some observations on tactical limitations should be made. The experi-
ment was performed in the summer, hence the effects of less foliage, snow,
overcast sky, reaction to cold, etc. are not known. An experiment comparing
helicopter reconnaissance techniques in a winter environment was conducted
in January 1964 by the authors of this memorandum, and the results will be
published. The direct apnlicability of the results to a different ground com-
plex, e.y., nne that differs in size and composition, is uncertain. Measure-
ments of the sceral reconnaissance techniques investigated would undoubtedly
be affected if the goound complex were confronted with hostile ground as well
4s air elements. Sin.ilarly this would doubtless be the case if helicopters
were subjected to hostile air as well as ground attack.

Analysis of Acquisition Date

Statistical techniques were used to analyze the two-sided acquisition data.
In these analyses emphasis was placed on investigating the effects of (a)flying
high, low, or low withdismountand/or pop-up: (b) reconnoitering against ground
units that were moving, dispersed, or concentrated; (¢) reconnoitering against
target complexes that included various mixes of tanks, APCs, jeeps, and infau-
try; and (d) employing heliccpters singly or in pairs.

In studying the effect; of varying these experimental conditions four
primary measures of acquisition effectiveness were utilized: (a) the number
of one-sided acquisitions, i.e., those instances in which one side saw the other
and was not seen in return; (b) the number of interacquisitions, 1.c., those in-
stances in which one side saw the other but was later seen in return; (¢} the
total number of times one side saw the other first: and (d) the number of tar-
gets acquired compared with available targets.

Major findings based on acquisition advantage data are summarized as
follows:

(a) Helicopters employing the low with dismount and, or pop-up tactic
were more effective than helicopters using the reconnaissance tactics of flying
high or nap of the earth. Ground units averaged significantly fewer acquisi-
tion advantages against helicopters using the dismount and pop-up technique.

RAC-T-433 3




As important was the finding that helicopters f{lying low with dismount and/or
pop-up acquired more ground elements without being seen in return than heli-
copters using the other reconnaissance techniques.

{b) In general the ground elements were far more effective in acquiring
helicopters than helicopters were in acquiring ground elements. Ground ele-
ments saw the helicopters first in 156 of 193 sightings, or over 80 percent of
the time,

(c) Ground elements in a moving coluru were less effective in acquiring
helicopters than ground elements in dispersed or concentrated ground com-
plexes.

(d) Based on the total number of acquisition advantages, smaller ground
elements (jeeps, infantry) were more effective in acquiring helicopters than
larger elements (tanks, APCs). Stationary units were more effective in ac-
quiring helicopters than moving units were.

(e) Flying in pairs did not increase the acquisition effectiveness of the
helicopters. Almost half the helicopter acquisition advantages recorded were
scored by single helicopters.

Results of comparisons of air and ground effectiveness on the basis of
available targets acquired were:

(a) Ground units saw fewer helicopters when the low with dismount and/
or pop-up tactic was used than when other reconnaissance techniquis were
employed. )

(b) In terms of available groundtargets acquiredby helicopters, however,
the low with dismount and/or pop-up tactic was no more or less effective than
the high or the nap-of-the-earth tactic. For each of the three reconnaissance
tactics studied, approximately 50 percent of the available ground targets were
acquired.

(¢) More helicopters were detectedby dispersed and concentrated ground
elements than by moving armor columns.

Analysis of Fire Data

The probability of a target hit wus calculated from the gun-camera film
for each machinegun burst. Consequently the survival probability for each
helicopter for every run was computed at various conditional kill-probability
levels. These values were compared to investigate the effects of (a) flying high,
low, or low with dismount and/or pop-up; (b) reconnoitering against units that
were moving, dispersed, or concentrated; and (¢) employing helicopters singly
and in pairs.

The findings of the analysis with respect to survivability were:

(a) The technique of flying low and employing pop-ups and/or dismounts
was superior to the other two techniques. For example,at the 0.60 conditional
kill-probability level, the mean survival probabilities for the {lying low with
pop-ups and/or dismounts, low, and high techniques were 0.65, 0.30, and 0.19,
respectively.
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(b) Helicopters were more effective when recornoitering against a mov-
ing complex than a concentrated or dispersed one. For example, at the 0.60
conditional kill-probability level, the mean survival probabilities against the
three types of complexes were 1.00. 0.40, and 0.17, respectively.

(¢) Flying in pairs did not markedly increase survivability,

Conclusions

1. The technique of flying low and employing pop-ups and/or dismounts
is superior to the other two techniques examined.

2. Ground elements in a moving column are less effective in acquiring
helicopters and are more easily acquired than are ground units in stationary
emnloyments.

Recommendations

1. Reconnaissance helicopters should be employed with due caution
against suspected stationary enemy concentrations.

2. Given that it is judged desirable to reconnoiter with helicopters, the
technique of flying low with pop-ups and/or dismounting observers from cov-
ered positions prior to entering suspected hostile terrain should be used when
conducting an area reconnaissance mission.

RAC-T-433 -5
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INTRODUCTION

THE RiSCONNAISSANCE MISSION

Two types of reconnaissance missions are envisioned by the US Army
for the 1965-1975 time frame, the first of which is a truly high-level survey of
the complete battle area. This may be carried out by fixed-wing aircraft op-
erating at altitudes of 45,000 ft or higher. The height and speed used will de-
pend on the type of sensing instrumentation, as well as visitility, cloud base,
and type of information required. The second is battlefield surveillance over
forward areas. This may be carried out by unmanned drone aircraft with sev-
eral types of sensing instruments such as radar, television infrared sensing,
and cinecamera photography.' Another method for obtaining information over
forward areas would be the employment of the elements of an air cavalry troop.
The effectiveness of these elements in performing a reconnaissance mission
is the subject of this memorandum.

The majority of missions assigned to armored cavalry units are primarily
of a reconnaissance and security nature. The air cavalry troop is designed to
extend by aerial means the reconnaissance and security capabilities of the
armored cavalry squadron. Reconnaissance elements are not required to de-
stroy the enemy; their function is discovery, not destruction.

As Gen Hamilton H. Howze pointed out in an address in an Army sympo-
sium in 1957,% the reconnaissance helicopter will fly low to the ground (10 to
12 ft above the terrain) on the fringes of enemy territory. It is realized that
reconnaissance of the forward area is dangerous and helicopters will be shot
down, but there is no safe way to perform this mission. The helicopter must
take maximum advantage of terrain to mask his movement and may choose to
land and send forth an observer on foot with field glasses to examine suspected
areas before the helicopter flies into them.

It was also stressed in the address that helicopters would be effective in
performing a route-reconnaissance mission. In addition they would be a mo-
bile reserve for discovering any enemy attempt at penetration and providing
information for counteraction.

THE GROUND THREAT

Two threats's** to the helicopter from ground-launched weapons exist,

the first being the overall battlefield antiaircraft defense system (the Russians

RAC-T-433 : 9
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may be assumed to have an equivalent to Mauler and Hawk); and the second,
the weapons of the forward forces including small arms, machineguns, light
antiaircraft guns, and, at a later date, missiles.

Helicopters operating in close support of ground forces in forward areas
of a future battlefield will be forced to fly at altitudes less than 100 ft to avoid
detection and possible subsequent destruction by hostile missiles. This low-
altitude flight will bring the aircraft well within the effective range of small-
caliber machinegun and light antiaircraft fire from enemy ground troops, as
well as small shoulder-launched missiles. To avoid the possibility of alerting
the enemy and to minimize exposure if detected, aircraft will fly close to the
ground and, where possible, within the cover of wooded areas, utilizing every
terrain feature to obtain as much concealment as flying skill permits.

The threat to aircraft will depend on the tactics adopted by the enemy
and the method of fighting the battle in an era of tactical nuc’eir weapons.
The following points have been considered in attempting to estimate the prob-
able threat to the aircraft: (a) a potential aggressor will avoid heavy concen-
trations of men and materiel to reduce the effect of tactical auclear strikes
as much as possible; (b) active reconnaissance will take place and increase
when any strong thrust develops; (c) the potential aggressor will be well trained
in the use of all weapons in an antiaircraft role; (d) the enemy will know when
an advantageous situation for using their weapons against an aircraft develops
and will not be reluctant to open fire; and (e) the aggressor will employ larger
uuits than friendly forces employ with mechanized armored elements in support.

Hence, if tactical nuclear weapons are used, ground forces will probably
be deployed in small self-contained pockets. The size and armament of these
pockets will depend on the military thinking of a potential enemy. According
to current estimates the geographical size of the pocket will be roughly 1 km’
in diameter spaced 4 or 5 km apart.

The type of terrain will radically affect the probability of survival of the
aircraft. If the terrain is flat and open, no cover will be available, and slow
low-flying aircraft will be extremely vulnerable to fire from the ground. If
the terrain is wooded or if terrain masks provide adequate cover for the heli-
copter, then the chances of survival are drastically increased if proper use is
made of the concealment afforded.

BACKGROUND

The Field Experiments Division (formerly Combat Development Division)
of RAC attempts to recommend improved tactical doctrine for use in US Army
combat operations. First primary area of interest has been main-gun fire
doctrine and corresponding tactics for the M60 tank. Investigations were con-
ducted in both the US and Germany.®

As a by-product of a tank-vs-tank exercise conducted in Germany in July
1962 a single helicopter was tactically employed as support to one of the tank
forces. Although no conclusions could be drawn from such a limited activity,
this exercise did suggest some interesting implications of the tactical use of
helicopters and served as a feasibility study for the helicopter work presented
in this memorandum.®

10 . RAC-T-433




DATA SOURCE

The authors spent the month of April 1963 with D Trp, Air Cav, 2d Recon
Sqdn, 15th Cav (later redesignated as 2d Sqdn, 4th Cav) familiarizing them-
selves with helicopter and pilot performance, discussing protlems with the
troop commander and other members of the troop, and developing and expand-
ing a framework for the work presented in this memorandum. Company- and
squadron-level field exercises were conducted during this veriod, in which
feasibility data were gathered using such collection means as stopwatches
and qrestionnnaires.

During the month of July 963 a ield team of the Field Experiments Divi-
sion conducted an experiment in Germany to determine the effectiveness of the
following techniques of helicopter reconnaissance: (a) flying high (just above
treetops), (b) flying nap of the earth, and (c¢) flying low and popping up from
concealed positions and/or dismounting an observer to go forward on foot prior
to entering suspected hostile territory. The experiment was conducted south
of Niirnberg, Germany. Helicopters and helicopter personnel were from D Trp
and ground elements and personnel were from A and C Trp of the same squadron.

Dispersed, concentrated, and moving target complexes were investigated
over different terrain. Five tactical situations ware established for 5 days:

(1) Blue forces, originally positioned behind phase line OLDPOSE, with-
drew to phase line RETREAT (see Fig. 1) leaving a small task force (elements
of which were designated A, B,C, D, E) to delay the advance of the enemy. Red
forces sent out helicopters to perform an area reconnaissance of the indicated
region between the two phase lines (roughly 10 km®) to obtain information of
enemy strength still present in that area.

(2) Blue forces, originally positioned behind phase line BLUEBOYS, with-
drew to phase line REDHEADS (see Fig. 2) leaving a small task force (elements
of which were designated A,B,C,D,E) to delay the advance of the enemy. Red
forces sent out helicopters to perform an area reconnaissance of the regionbe-
tween the two phase lines to obtain information of enemy strength still present
in the region (rougnly 10 km?),

(3) A small task force of Blue forces was positioned in an assembly area
east of Schwabach. An APC mortar fired rounds at Schwabach (simulated by
90-mm flash-bang simulators). The intelligence information of the Red army
narrowed the location of the task force to the 5-km® area defined in Fig.3,and
helicopters were sent out to pinpoint the location of the enemy.

(4) A small task force of Blue forces was positioned at an assembly point
south of Schwabach, where a perimeter defense was set up in a2 wooded area.

RAC-T-433 11
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Blue phose lines: emwemms RETREAT; w=s ems O DPOSE
White line, Red reconnaissonce oraa
Elements: A, Tank; B, Jeep; C, Moving APC; D, Maving jeep; E, Infontry machinegun position
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Blue phase lines: , REDHEADS; e «== B UEBOYS
White line, Red reconnaissance area
Elements: A, Tank; B, Jeep; C, Moving APC; D, Moving jeep; E, infontry machinegun position
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Fig. 3—Blue Target Complex, Doy 3

Phase lines: eomwemme, RED; emm emm BLUE
White line, Red reconnaissance area
Elements: A, Tank; B, Jeep; C, APC; D, Mortar APC; E, Jeep
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Fig. 4—Blve Target Complex, Day 4
Phase lines:  emusmmms RED; wme ewe BLUE
White line, Red reconnaissance area
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Fig. 5—Blue Torget Complex, Day 5

Phase lines: onms, RED; o o BLUE
White line, Red reconnaissance area
Elements: A, Moving APC; B, Moving APC; C, Moving APC (run 5-2 only); D, Moving jeep; E, Moving jeep
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The intelligence information of the Red army narrowed the location of the task
force to the region between the Finster Bach and the Brunn Bach east of the
Rednitz River, and helicopters were sent out to pinpoint the location of the
enemy within the 9-km? area defined in Fig. 4. .

(5) A scout platoon of Blue forces alternately advanced and withdrew
along the 2-km north-south road from Kottensdorf to Putzenreuth. Two jeeps
were on the left and right flanks of the armored column to secure the wooded
areas on their respective sides. Red forces sent helicopters to perform a
screening mission over the 10-km? area defined in Fig. 5.

The helicopters employed singly and in pairs were instructed to fly one
of the three tactics under consideration and were {ree to choose their path(s)
of flight, speed of reconnaissance, and points of dismount and pop-up.

During the 5 days 27 runs using 40 helicopters were made as indicated
in Table 1.

RAC-T-433 17




EXPERIMENTAL PROCEDURE

This section provides details concerning experimental procedures includ-
ing a discussion of experimental layout, types of data collected, and methods
by which the data were obtained.

The scenarios were designed to be as realistic as possible within the
constraints necessary to maintain safety and control. Such factors as con-
ducting the experiment away from familiar training areas with the inherent
problems of logistics, maneuver damage, and harassment of and from the local
population; operating with a manageable number of air and ground elements;
and the limited number of analysts and technicians available influenced the
magnitude of the experiment.

GROUND ROLE

The ground elements were tactically located with consideration of ground
as well as air threat as indicated in parts a to f of Fig. 6. A detailcd descrip-
tion of target positions can be found in App F. Key tactical terrain features
and logical avenues of enemy infiltration and advance were of primary concern
in the positioning of the ground elements. Military advice governed the posi-
tioning of the ground elements with respect to tactical realism. Although it
soon became apparent to the crews of the ground complex that the only enemy
in the problem consisted of helicopters, the possibility of being located by a
dismounted observer prevented complete concentration of attention on the
aerial forces.

On acquiring an enemy helicopter or helicopters or a dismounted ground
observer, the acquirer reported the following information to ground control
over the assigned ground-radio frequency: his own designation, objects ac-
quired, and the repeated designation, e.g., “Alpha, two helicopters, Alpha.”

If the ground element was then also able to lay its weapon on a helicopter
and fire, the following sequence was reported: target designation, fire, target
designation, e.g., “Alpha, fire, Alpha.” The gunners were instructed to aim
directly at the center of mass of the helicopter when simulating fire. The
accuracy of the aim of the weapon was determined by the use of gun cameras.

Ground targets included M48A2 tanks, M113 APCs, M151 jeeps, and ma-
chinegun squads. The air defense capabilities of these elements are a .50-cal
machinegun, cupola mounted; .50-cal machinegun, pedestal mounted; 7.62-mm
machinegun, pedestal mounted; and 7.62-mm machinegun, bipod-mounted,
respectively.
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Fig. 6—Typical Positioning of Ground Elements
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AT

HELICOPTER ROLE

All pilots and crew chiefs involved in the experiment were assigned to
Delta Trp (Air Cav), 2d Recon Sqdn, 15th Cav, 4th Armd Div (later redesig-
nated 2d Sqdn, 4th Cavi. This troop was organized in June 1962, the first unit
of its kind in the Seventh Army. This experiment was conducted after the
troop had had an opportunity to complete the normal new organizational shake-
down and had finished one complete cycle of training including live firing, In
addition the troop had experienced negligible personnel turnover., Consequently
the pilots had mastered the difficult technique of nap-of-the-earth flying, while
being afforded the chance to pe.form their mission under a variety of environ-
mental conditions.

The two-~place Bell OH-13 helicopter, the vehicle currently used by the
light scout section of the air cavalry troop, was used for all runs and carries
a pilot and a crew chief who doubles as an observer.

In all, 19 different pilots—11 captains, 3 lieutenants, and 5 warrant officers
—participated in the 27 runs (40 flights including those flying in teams). The
pilots had an average of 485 hr experience in rotary-wing aircraft. No crew
flew against the same ground complex more than once.

-

Fig. 7—Air Control Briefing of OH-13 Helicopter Pilot before o an

Before each run the pilot(s) and crew chief(s) were given a briefing that
included definition of the problem, location of enemy and friendly territories,
their area of responsibility, and a general description of the suspected enemy
in that area, such as “intelligence reports indicate that a scout platoon is acting
as a delaying force in the area” (see Fig. 7). They then were required to per-
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form their mission constrained only by the tactic of flight, i.e., high, low, or

- low with dismount and,/or pop-up. The path of flight, positions of pop-up or
dismount; speed of reconnaissance, and consequent length of mission were all
left to the crew’s discretion. .

On acquiring an enemy ground element the pilot reported the following
information to ground control over the assigned air-radio frequency: helicopter
designation, element acquired, repeat helicopter designation, e.g., “helicopter
B, one moving jeep, helicopter B.” The helicopters were instructed to perform
an evasive action after locating the ground element; they were instructed not
to simulate fire, even against the jeep and infantry positions.

On completion of his mission the piiot reported to ground control and
flew to his air control site, where he was required to trace his flight path on
a large-scale (1:25,000) map of the area indicating locations of the elements
of the ground complex acquired and the point along the flight path at which the
acquisition occurred.

GUN CAMERAS AND MOUNTS

Gun cameras type AN-N6, 16-mm, using 50-ft magazines, were mounted
at each gun position. The cameras were activated by depression of the weapon’s
trigger and remained running as long as the trigger was depresscd.

Mounts were designed and constructed for the purpose of attaching and
aligning the camera’s optical axis with the associated weapon. With the ex-
ception of the M48 tank’s cupula-mounted machinegun, the mounts were designed
to avoid any change in the handling characteristics of the weapons (see Figs.

8 to 10). A counterweight was used to offset the weight of the camera on the
M48 tank’s cupola-mounted machinegun as shown in Fig. 11,

Film-loading and lens-setting operations were performed by ground tech-
nicians prior to each run. Alignment of the cameru's optical axis with that of
its companion weapon was performed during installation and was rechecked
periodically.

In all cases “zeroing” pictures were taken before the runs at each gun-
camera position to establish the aiming point of each gun in the film frames.
Each run was identified by photographing a board showing run number and crew.

COLLECTION OF TIME DATA

A standard pen recorder was operated at ground control tc obtain the
necessary time information. Two radios, one on the established ground Ire-
quency and the second on the air frequency, were also located at ground con-
trol (see Fig. 12). In response to an announcement of a helicopter sighting by
a ground element, the pen corresponding to the sighter would be activated,
causing an input to appear on that element’s pen line, The same technique was
used for recording firings by ground forces and helicopter sightings of ground
elements. .

Nine pens were used for data collection. A pen for each of the five ground
positions was activated by depressing the corresponding switch on the ground-
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Fig. 8—M48 Tank Main-Gun Camera Mount

Dirt

Fig. 9—APC M2 Machinegun Camera Mount with
and Dust Cover Closed
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Fig. 11—M48 Tank Cupola-Mounted Machinegun Camera
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element box. A sixth pen was.automatically activated by the firing of a 90-mm
flash-bang simulator (simulating tank and mortar fire) on the first 3 days. A
seventh pen was connected to a timing device and automatically indicated 4-sec
intervals. The remaining two pens corresponding to the reconnaissance heli-
copters were activated by depression of the appropriate switches on the air-
eleme<nt box.

LF

Ground Arr
elemenrts elements
radio frequency A radio frequency B

Ground I
control
¥
Ground Simulator Aur
element firn element
box box
Pen
recorder

Fig. 12—Schematic of Time-Recording Sequence

RECONSTRUCTION OF FLIGHT PATHS

RAC analysts with detailed maps of the arca were positioned at each gun
location. On locating a helicopter the location and flight path of the aircraft
were traced on a map by the analyst. At the conclusion of a run he interrogated
the ground crew to determine the points on his flight-path traces at which the
helicopter was sighted and fired on.

The helicopter crews were required to trace their flight path and pmpomt
the location of ground elements acquired after each run.

By comparing the information obtained independently from the air and
ground participants it was possible to reconstruct the position of event occur-
rence. Combining this with the pen-recorded data allowed the reconstruction
of events as to both time and place. These results are presented in App C.

REALISM

Simulated Gunfire

Simulated gunfire was used to heighten tactical realism of the scenarios.
For the first 2 days of runs a 90-mm flash-bang simulator located in front of
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the M48 tank was detonated whenever the trigger of the main gun was depressed.

On the third day the simulators were manually activated in front of the APC
mortar on command from ground control. No simulators were used on the
last 2 days of runs, since they had no bearing on the tactical situation. On the
days in which an infantry position was a part of the ground complex 7.62-mm
machinegun blank ammunition was fired from one of the two machineguns
positioned at'the infantry site. Film data were obtained from the second
machinegun,

Combat Noise

During the experiment, ground elements were subjected to simulated
battlefield noise. This masking noise was accomplished during selected runs
on Days 2 to 4 using a composite battle-sound tape. .

All vehicles were required to keep their engines running during the con-

duct of the experiment. All personnel were instructed to wear their steel
helmets.
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DATA ANALYSIS

DISCUSSION

Two approaches were used in the analysis of the experimental data. Sta-
tistical techniques were used to compare factors influencing the time and sight-
ing data collected. The film data were analyzed to measure the effectiveness
of ground fire and to estimate survivability of the aircraft. These two approaches
are treated independently and are presented in the two sections that follow.

Several observations concerning the data should be made.

When conducting a field experiment of this type, especially with personnel
from a tacticai unit, certain trade-offs between rigorous experimental design
ard maintenance of tactical reality are required. The success of such an un-
dertaking depends largely oa the cooperation of the US Army and the particular
units involved and on the availability of human and material resources. The
conduct of the experiment should provide training benefits wherever possible,

Several observations regarding tactics are pertinent. The experiment
was performed in the summer, hence the effects of less foliage, snow, over-
cast sky, reaction to cold—to name a few—are not known. Actual meteorological
conditions prevailing during the conduct of the experiment are presented in App
E. An experiment comparing helicopter reconnaissance techniques in a winter
environment was conducted in January 1964 by the authors of this memorandum,
and the results should be available by August 1964.

The direct apphcabxlxty of the results to a different ground complex e.g.,
one that differs in size and composition, is uncertain,

The measurements nade of the several reconnaissance techniques in-
vestigated would undoubtedly be affected if the ground elements had been sub~-
jected to hostile ground elements.

Helicopters were not subjected to hostile air attack, but similar effects
would doubtless have occurred in the measurements if this had been included
in the experiment.

ANALYSIS OF ACQUISITION DATA

Introduetion

Statistical techniques were used to analyze the two-sided acquisition data
recorded by ground control. In these analyses emphasis was placed on com-
paring the effects of (a) flying high vs low vs low with dismount and/or pop-up;
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TABLE 2
Summary of Experimental Conditions for 27 Runs
Ground elements
Run Helicopters Fliqh' Target
used technique complex Tank | Jeep Mio:.':g APC M:;'g' infontry | Total
1-1 1 High Dispersed 1 - 1 —_ 1 1 4
1-2 2 Low Dispersed 1 — 1 — 1 1 4
1-3 2 High Dispersed 1 1 1 — 1 1 5
1-4 2 Low Dispersed 1 1 1 _ 1 1 5
2-1 i High Dispersed 1 1 1 - 1 1 5
2-2 2 Low Dispersed 1 1 1 —_ 1 1 5
2-3 1 Low Dispersed 1 1 1 —_ 1 1 5
24 1 High Dispersed 1 1 1 — 1 1 5
2-5 1 Low Dispersed 1 1 1 — 1 1 5
2-6 2 High Dispersed 1 1 1 — 1 1 5
3-1 1 Low Concentrated 1 2 — 2 - - 5
3-2 2 Low, dismount
and/or pop-up Concentrated 1 2 — 2 - - 5
3-3 1 Low Concentrated 1 2 - 2 — - 5
34 2 Low, dismount
and/or pop-up Concenirated 1 2 —_ 2 — —_ 5
3-5 1 High Concentrated 1 2 — 2 - - 5
3.6 2 Low, dismount
and/or pop-up Concentrated 1 2 - 2 - - 5
4-1 1 High Concentrated 1 2 — 1 _ 1 5
42 2 Low, dismount
and/or pop-up Concentrated 1 2 - 1 — 1 5
4-3 1 Low, dismount
and /or pop-up Concentrated 1 2 - 1 -— 1 5
44 2 Low, dismount
and/or pop-up Concentrated 1 2 — 1 - 1 5
4-5 2 High Concentrated 1 2 _— 1 _ 1 5
4-6 1 High Concentrated 1 2 - 1 _ 1 5
5-1 1 Low, dismount
and/or pop-up Moving -_ - 2 - 2 - 4
5-2 2 Low Moving - - 2 - 3 — 5
5-3 1 Low, dismount
and/or pop-up Moving - - 2 _ 2 - 4
5-4 1 Low, dismount
and/or pop-up Concentrated — 2 - 2 - — 4
5-5 2 Low, dismount
wnd/or ; op-up Moving - - 2 - 2 - 4
Total 22 34 18 20 19 16 129

(b) reconnoitering against moving vs stationary dispersed vs stationary con-
centrated ground units; (¢) reconnoiteringagainst target complexes that included
various mixes of tanks, APCs, jeeps, and infantry; and (d) employing helicop-
ters singly vs in pairs. Experimental conditions for the 27 runs conducted
are summarized in Table 2.

In studying the effects of varying these experimental conditions, the follow-
ing primary measures of acquisition effectiveness were utilized: (a) the number
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TABLE 3

Acquisition Advantages
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of one-sided acquisition advantages, i.e., those instances in which one side saw
the other and was not seen in return; (b) the number of interacquisition advan-
tages, i.e., those instances in which one side saw the other but was later seen
in return; (c) the total number of overall acquisition advantages, i.e., the total
number of times one side saw the cther first; and (d) the number of targets

TABLE 4
Ground Targets Acquired Compared with Ground Targets Available
Targets acquired Targets available

R onk| Joop | Moving APC | Mo¥ing] 11 varal | Tank| Jeep| MoVin8| apc| Mo¥ina |y ¢ i1 o1al
-] joep APC n ota an eep jeep APC n ota

11 0 - 1 - 1 0 2 1 - 1 — 1 1 1
1-2 1 - i - 1 0 3 1 — 1 - 1 1 1
1-3 1 1 0 — 1 0 3 1 1 1 —_ 1 1 5
1-4 1 0 0 — 0 0 1 1 1 1 — 1 1 5
2-1 1 1 0 —_— 0 1 3 1 1 1 _— 1 5
2-2 1 1 0 — 1 0 ? 1 ) 1 — 1 1 5
2.3 1 )] 0 - 0 1 2 1 1 1 —-— 1 ] 5
2-4 1 0 1 —_ 0 0 2 1 1 i _ 1 ] 5
2-5 1 0 1 —_— 1 1 4 1 1 1 — 1 1 5
2-6 1 0 0 —_— 1 1 3 1 1 1 — i 1 5
3-1 1 1 - 0 — 2 1 2 - 2 —_— - 5
3-2 1 1 —_ 0 - 2 1 2 — 2 —_— - 5
33 1 1 - 0 -_— - 2 1 2 — 2 - - 5
3-4 1 0 —_ 1 —_— - 2 1 2 — 2 - - 5
35 0 1 — 0 —_— - 1 1 2 — 2 - - 5
3-6 1 1 —_ 2 —_— - 4 1 2 - 2 _ - 5
1-1 1 0 _— 1 —_ 0 2 1 2 —_ 1 —_ 1 5
1-2 1 0 —_ 1 —_— 1 3 1 2 — 1 — 1 5
4-3 0 0 - 1 - 0 1 1 2 — 1 — 1 5
4-4 1 1 — 0 _— 1 3 1 2 —_— 1 — 1 5
45 1 0 —_ 1 —_— - 2 1 2 —_ 1 -— 1 5
46 1 1 - 1 —_ 0 3 1 2 —_ 1 —_— 1 5
51 - - G 2 - 3 - - 2 - 2 - 3
5-2 — — 0 -— 2 - 2 - — 2 -_— 3 - 5
5-3 _ —_ 0 —_— 1 - 1 — —_ 2 — 2 - )
54 — 0 -~ 2 — = 2 - 2 - 2 — _— 1
5-5 - - 0 — 2 - 2 — —_ 2 — 2 - 4
Total 19 10 5 10 13 6 63 22 34 18 20 19 16 129

acquired compared with available targets. Data covering these measures are
shown in Tables 3 to §. A more detailed discussion of these mr 'sures of ef-
fectiveness has been presented in App A.

Comparison of Acquisition Advantages

When the performance of helicopters and ground elements was compared,
it was found that ground elements were far more effective in acquiring helicop-
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ters than helicopters were in acquiring ground elements. In Table 6, for exam-
ple, it can be seen that ground elements saw helicopters first in 156 of 193
sightings, or over 80 percent of the time. The average length of interacquisition
advantages recorded by ground elements was 12 sec, compared with only 6 sec
for helicopters (see App A, Tables A145, A146).

TABLE 5
Helicopters Acquired Compared with Helicopters Available
Helicopters acquired by these elements Helicopters available to these elements

B 1 rank] seon M08 ] apc [Moving | clranl Tone] soon|Me¥in9 | ape [Moving | ¢ |1ora
P jeep APC Rl jeep APC ['M]'e

1-1 1 — 1 —_— 1 1 4 1 - 1 —_ 1 1 4
1-2 2 —_ 2 - 1 1 6 2 - 2 —_ 2 2 8
1-3 1 2 1 - 2 2 8 2 2 2 — 2 2 10
1-4 2 0 2 - 1 2 7 2 2 2 —_— 2 2 10
2-1 1 1 1 —_ 1 1 5 1 1 1 —_ 1 1 5
2.2 2 2 2 — 2 2 10 2z 2 2 —_ 2 2 10
2-3 1 1 1 —_ 0 1 4 1 1 1 - 1 1 5
2-4 1 1 1 - 1 1 5 1 1 1 — 1 1 5
2-5 1 1 1 - 1 1 5 1 1 1 _ 1 1 5
2-6 2 1 2 - 2 2 9 2 2 2 - 2 2 10
3.1 1 1 — 2 —_ - 4 1 2 _ 2 - -_— 5
3.2 1 3 —_ 1 —_ — 5 2 4 — 4 - - 10
33 1 2 - 2 —_ - 5 1 2 - 2 - - 5
34 1 4 - 3 _— - 8 2 4 — 4 - - 10
3.5 1 2 —_ 2 — 5 1 2 —_ 2 - - 5
6 2 4 - 3 — — 9 2 4 — 4 — — 10
41 1 1 — 1 —_ 1 4 1 2 —_ 1 —_ 1 5
42 1 0 - 0 —_ 0 1 2 4 — 2 — 2 10
4-3 0 2 _— 0 — 1 3 1 2 _ 1 —_— 1 5
44 1 1 — 0 — 0 2 2 4 — 2 — 2 10
45 2 3 2 - 2 9 2 4 —_ 2 — 2 10
4-6 1 2 1 -— 1 5 1 2 — 1 —_ 1 5
5 = — 1 — 0 — 1 ~— — 2 — 2 — 4
5-2 -_ —_ 1 - 3 - 4 —_— 4 — 6 - 10
§8 ~ — 1 = 1 — 2 —- _— 2 — 2 — 3
54 ~ 2 — 2 - - 4 = 2 — 2 — - 1
5-5 - — 0 _ 0 ~ 0 —_ —_ 4 - 4 — 8
Total 27 36 17 19 16 19 134 33 50 27 29 29 24 192

The detailed data underlying those summarized in Table 6 were analyzed
using statistical techniques. The results of chi-square and t tests are pre-
sented in App A. Major findings based on acquisition advantages are summa-
rized below:

(a) . Ground elements recorded significantly more acquisition advantages
than helicopters.

(b) Flying in pairs did not appear to increase the acquisition effective-
ness of the helicopters,
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(c) Helicopters employing the low with dismount and/or pop-up tactic
were more effective than helicopters using the reconnaissance tactics of flying
high or nap of the earth.

TABLE 6

Summary of Air Acquisition Advantages Compared with Ground
Acquisition Advantages for 27 Runs

Helicopter Ground
Type of advantage advantages advontages Total
One-sided ucquisition 25 128 153
Interacquisition 12 28
Overall acquisition 37 156 193

(d) Ground elements in the simulated armor column were less effective
ir acquiring helicopters than ground elements in dispersed or concentrated
employments.

(e) In terms of overall acquisition advantages the smaiier ground ele-
ments (jeeps, infantry) were more effective in acquiring hielicopters than the
larger elements (tanks, APCs); the stationary elements, more than moving
elements.

(f) Supplementary analyses investigating the performance of helicopters
against dispersed and concentrated employments only led to conclusions sim-
ilar to those of items a to c.

Air Effectiveness Compared with Ground Effcctiveness
in Acqui-ing Available Targets

Comparisons were also made on the basis of available targets acquired.
From Table 7 it can be seen that 2' rroximately 70 percent of the available
helicopters were acquired compared with 49 percent of the available ground

TABLE 7

Summary of Air Effectiveness Compared with Ground
Effectiveness in Acquiring Available Targets for 27 Runs

Taorgets Targers Percent
Type of target acquired available acquired
Helicopter 134 192 0
Ground element 63 129 19

elements. The results of this analysis, presented in detail in App A, are sum-
marized below:

(a) Ground elements saw fewer helicopters when thé low with dismount
and/or pop-up tactic was used than when other reconnaissance .actics were
used. A total of 54 of 59 available helicopters flying high were seen, 45 of 58
flying low, but only 35 of 75 employing the dismount and pop-up tactics.
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{b) In terms of the number of available ground targets acquired by heli-
copters, however, the low with dismount and/or pop-up tactic was no more
effective than the high or nap-of-the-earth tactics. For each of the three tactics
approximately 50 percent of the available ground elements were acquired.

(c) More helicopters were detected with dispersed (87 percent) and con-
centrated (68 percent) employments than with the moving column (27 percent).

TABLE 9

Summary of Statistical Analyses
(Probability that observed differences could have happened by chance)

Type of advantage possessed Targets
acquired vs
) One-sided o Overatl targets
Expern.m.entol acquisitior Interacquisition ucquisition available
conditions
Groun! Air | Ground Air Ground Air Ground Air
Probability
Helicopters used, 0.30 0.30 0 80 0.20 0.10 0.05 010 0.50
1vs 2 .
Flight technique
High vs low 010 0.80 0.20 0.20 0.50 0.20 050 0.95
High vs low, 0.001 0.001 0.01 0530 001 0.01 0.01 0 80
dismount and or
pop-up
Low vs low, 010 0001  0.01 0 60 0.02 0 001 0.05 0.90
dismount and or
pop-up
High, low vs low, 0.02 0.001 0.001 0.70 0.0t 0.001 0.01 0.80
dismount and or
pop-up
Target complex
Voving vs dispersed 0.01 0.200 0.02 - 0.01 0.20 0.01 0.70
Moving vs concentrated 0.02 0.70 0.30 0.70 0.05 0.60 0.02 0.90
Dispersed vs concentrated  0.30 0.30 0.10 0.60 0.20 0.1 0.20 0.50
Moving vs dispersed, 002 0.50 0.10 0.80 0.01 0.50 0.0] 0.90
concentrated
Between elements 0.01 0.50 0.16 0.20 0.001 0.10 0.80 0.05
Moving vs stationary .05 0.70 0.30 0.50 0.01 0.50 0.30 0.9¢
l.arge vs small 0.001  0.05 0.30 0.10 0.01 0.01 0.70 0.01
Vehicle X vs others — —_ —_ 0.01 0.001 0.01 - 0.01
(APC)  (APC)  (APC) (Tank}
0.01
(Inf)

(d) The different types of ground elements (tanks, APCs, jeeps, infantry)
did not vary significantly in their ability to acquire available helicopters.

(e} On the other hand, helicopters acquired some types of ground ele-
ments more readily than others; e.g., jeeps and infantry were detected less
frequently than the larger ground targets.

Details of the acquisition analyses mentioned in this section of the report
are provided in App A. Summaries o: the statistical comparisons in App A
are presented in Tables 8 and 9.
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Time to Complete Mission

Analyses of the length of time required for helicopters to complete a
mission with each of the three reconnaissance techniques were also made.
It was found that an average of 10.5 min was required to complete the 9 runs
flying high, an average of 21.5 min for the 8 runs flying low, and an average
of 35.5 min for the 10 runs employing the low with dismount and/or pop-up
tactic. (See Tables A147-A149.)

ANALYSIS OF FILM DATA

Introduction

Any field experiment that attempts to evaluate military tactics and doctrine
can only hope at best to suggest what might occur in an actual conflict. The
psychological factors having a marked influerce on the outcome of a battle
are obviously not present to a comparable degree in a field exercise. Although
firm values car 10t be given to such things as actual combat survivability and
effectiveness, if the assumption can be made that these psychological factors
act in a consistent manner it is possible to at least make comparisons of vari-
ous tactics and doctrines.

Similarly, although film data can only begin to suggest live-fire effects,
such data provide a means of making comparisons. It would be unrealistic to
attempt a helicopter-vulnerability study based solely on gun-camera data, for
such factors as visual means of adjusting fire and target reaction to fire are
missing when employing gun cameras as a data-collection tool; but if these
limitations are considered when analyzing and discussing the results of film-
data collection, much useful information can be drawn from the data and com-
parisons can be made.

The film-data analysis was carried out in three steps: (a) film reading,
(b) calculation of hit and survival probabilities, and (c) analysis of results.

Film Reading

Generally, the most tedious and time-consuming task associated with
gun-camera f{ilm analysis is the actual extraction of pertinent information
from the film. Since the angular field of view of the camera is a known con-
stant, in this case, 62 mils, it is a simple matter to construct a rectangular
grid system in 1-mil increments to serve as a measuring standard. Measure-
ments are usually read to the nearest 4 mil. Greater accuracy cannot be ex-
pected when a large number of readings are required because of human fatigue
inherent with prolonged periods in the film room or differences in human judg-
ment if film readers are changed.

In this experiment camera data were recorded whenever the trigger of
the gun was depressed, and the cameras continued to operate until the trigger
was released making it possible to gather data on accuracy of the aiming point,
duration of fire, and size of angular target directly from the film.

Miss Distance. Before a run each gun position fired at some fixed refer-
ence (e.g., the uppermost and center point on a telephone pole) to establish the
aiming point of the weapon. The horizontal- and vertical-miss distances were
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Fig. 13—Vulneroble Area of OH-13 Helicopter
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defined as the horizontal and vertical deviations from the aiming point to the
center of vulnerability of the helicopter target. A summary of miss distances
by vehicle and range is presented in App D.

Target Size. The vulnerable area of the OH-13 helicopter was taken fo
be a rectangular area encompassing the pilot and engine (see Fig. 13). Be-
cause only small-arms fire was considered, hit and conditional kill probabili-
ties on other parts of the aircraft were sufficiently small to be omitted when
the objective was the uncovering of gross differences in tactics and employ-
ments rather than analysis of a sophisticated vulnerability or weapon-system
performance.

Duration of Fire. The gun cameras operated at a speed of 16 frames/sec.
The rate of fire of the machineguns used was 450 to 550 rounds/min (7.5 to 9.1
rounds/sec). Every second frame of film therefore corresponded approximately
to the fire of one machinegun bullet. Although measurements were taken from
each frame of {ilm, only the values obtained from every second frame were
used in the survival calculations made from the film data.

Calculation of Hit and Survival Probabilities

The probability of a target hit was calculated for each machinegun burst.
Consequently the survival probability for each helicopter for every run was
computed in the manner illustrated in Fig. 14.

Ballistic Characteristics. The assumption was made that the dispersion
of a single round of machinegun fire was normally distributed about the mean
center of impact in the horizontal and vertical dimensions. From information
obtained at Development and Proof Services and Ballistic Research Laboratories
a 2-mil dispersion was used for the .50-~cal weapons on the tanks and APCs,

A 4-mil dispersion was assumed for the .30-cal weapons on the jeeps and at
the infantry positions. All fixed biases unaccountable in the accuracy of gun-
camera lay were assumed to be zero.

Probability of a Hit. As can be seen from Fig. 14, the probability of a
hit was taken to be the probability of the round impacting within the vulnerable
area of the helicopter.

Conditional Kill Probabilities. This factor refers to the probability of
obtaining a helicopter kill given a hit. Because of the difficulty in agreeing
on realistic values for the conditional kill probabilities of the .30- and .50-cal
weapon systems against the OH-13,calculations of su~vival probabilities were
made at five levels of conditional kill probability: (a) 0.20, (b) 0.40, (c) 0.60,
(d) 0.80, and (e) 1.00.

Probability of Survival. In all cases the probability of survival was cal-
culated at all five conditional kill-probability levels for all firings at the par-
ticular helicopter during its mission. In runs using two helicopters the proba-
bility of survival was evaluated independently for each of the helicopters.

Weighted Number of Targets Acquired. Since some acquisitions were
made by helicopters acquired and fired at hy ground elements, a measure of
acquisition capabilities that considers this effect is desirable. The weighted
number of ground elements acquired WN was calculated to reflect this.

n
WA X s ool
1
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where: n is total number of ground elements acquired and i is total number
of rounds fired at the helicop .er at the same time of the jth acquisition.

For example, if the OH-13 locates a tank, is then fired at by the tank
[with an associated PK(i =r) =0.3], and then locates an APC, then W\ = 1.0 +
0.7 = 1.7 since the helicopter had a 1.0 survival probability at the time of the
first acquisition, but only a 0.7 probability of survival when the second acquisi-
tion was made.

In runs in which a pair of helicopters were used, the first helicopter to
locate a ground element is given credit for acquisition. The weighted number

‘ INPUT ’

A

Repeat for i - 1to \

}

Py, (1) = orea under normol
P = 1-P (1) curvewithifp” oy -0y
between X - M, + Dol

1 Py (1) - area under normal
Pyrin - E P, (n curve withy - 4, oy oy
r=1 between v - M, t 17}

| {

Pet) - P la-1sH - , .
Pl Py, Pe (0 Pyl Py

Fig. 14—Calculation of Hit and Survival Probabilities

INPUT

Fiim: . Weapon Characteristics:

H - target size, horizontal ity - fixed bias, horizontol

V' - target size, vertical iy - fixed bias, vertical
My, - miss distance, horizontal Ty - dispersion, horizontal
M, - miss distance, vertical ay dispersion, vertical

N = number of rounds fired at helicopter 1>, | conditional kill probability (constant value,

during run independent of previous damoge to gircraft)
OUTPUT

', (1) - probability uf o horizontal hit for the tth round
Py (1) - probability of a vertical hit for the ith round
P, (1) ~ probability of a hit for the ith round
P, (1) ~ probability of a kill for the ith round

P, (i=1) - probability of a kil in i rounds

P (i =r) = probability of surviving i rounds
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of ground elements acquired was then calculated on a “team basis,” i.e., the
aggregate weighted number of acquisitions for both helicopters was used.

Analysis of Results

Gun-camera data were used for (a) a survivability analysis, (b) a wéighted
acquisition analysis, and (c¢) a ratio of effectiveness analysis. The analyses
are presented in the following three sections. Significance tests of the results
appear in App B.

SURVIVABILITY ANALYSIS

A summary of the probability of survival by helicopter and run is pre-
sented in Table 10 for the five levels of conditional kill probabilities. These
values have been grouped and compared to investigate the effects of (a) flying
high, low, or low with dismount and/or pop-up; (b) reconnoitering against mov-
ing, dispersed, or concentrated units; and (¢) employing helicopters singly and
in pairs. The combined effects of a and ¢, i.e., flying high singly, high in
pairs, low singly, etc., were also investigated.

Singles vs Pairs

The mean helicopter survivability for the 14 runs in which an OH-13 flew
singly and the 13 runs in which pairs of helicopters were employed are grouped
from Table 10 and presented in Table 11. The probability of survival in the
cases where a pair reconnoitered was taken as the probability that both heli-
copters survived the mission, i.e., the product of their individual probabilities
of survival.

Significance tests at the 5 percent level indicated that the differences
noted in the table could have happened by chance (Tables Bl to B5). Under
the conditions of this experiment flying helicopters in pairs seems to have no
effect on survival probability until the 50 percent significance level is reached.

This result is not surprising considering the method in which the helicopter
teams performed, i.e., in virtually all cases, to either fly together or divide
the area of responsibility meeting at predetermined locations. In the former
case ground elements were merely confronted with a multitarget or two targets
spaced over a short interval. In the latter case the problem of a pair recon-
noitering a 10-km? area was reduced to two problems of single helicopters
reconnoitering a 5-km? area.

Variations in Tactics

If runs are grouped by tactics (Table 12), it becomes apparent that the
probability of survival of helicopters employing the low with dismount and/or
pop-up tactic was higher than the probabilities associated with the other two
tactics. Statistical tests indicated that the observed differences could be ex-
pected to occur by chance less than 5 percent of the time (Tables B6 to B10).

No statistically significant difference was found b.tween the survivability
associated with the low and high tactics.
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TABLE 10

Summary of Helicopter-Survival Probabilities

Conditional kill-probability level

0.20 0.40 0.60 0.80 1.00
Run Tactic Helicopters Helicopter
used
1 2 1 2 1 2 1 2 1 2
Survival probability

1-1 High 1 0.22 _— 004 —_ 00l - 0.00 — 0.0 —
1.2 Low 2 083 068 069 013 057 026 017 014 0.38 0.06
1-3  High 2 018 093 023 08 011 080 005 071 002 0.68
1-+ Low 2 035 0t 012 0.6 001 007 0.0 003 0.01 0.0}
2-1  Uigh 1 0.02 — 000 — 000 — 000 — 000 —
2.2 fow 2 075 002 03 000 042 000 031 000 0.23 0.00
23 low 1 007 _ 0.00 - 0.00 - 0.00 —  0.00 —
2.4 High 1 0.53 — 027 — 011 —_ 0.06 -— 003 _—
25 lLow 1 00l — 000 — 000 — 000 — 000 —
2.6 Nigh 2 0537 030 032 00m 018 0.03 010 001 0.06 0.00
31 low 1 0.13 — 001 — 000 —  0.00 — 0.00 -
3-2  Low, dismount

and - or pop-up 2 1.0 001 1.06 000 100 0.00 100 0,00 1.00 0©.00
33 Low | 0.13 — 018 — 0.08 — 0.0 —  0.01 —
3-1  low, dismount

and or popsup 2 0.01 0.05 0.00 0.00 0.00 000 0.00 0.00 0.00 0.00
35 High | 078 —_ 060 —_ 0.7 — 036 — 0.28 —_
3-6  Vow, dismount

and or pop-up 2 078 0TL 060 055 047 0.4 036 030 028 0.22
1 High 1 0.18 — 023 — 0.1l —  0.05 - 002 —
42 Low. dismount

and ‘or pop-up 2 100 100 100 1.00 1.00 100 100 1.00 1.00 100
+3  Low, dismount

and ‘or pop-up 1 080 — 06 — 050 — 039 —~ 030 —
-1 Low. dismount

and or pop-up 2 LOO 100 1.00 1.00 1.00 1.0 100 100 1.00 1.00
45  High 2 0.7 047 0535 022 039 010 0.28 0.0 0.19 0,02
t-6  High | 01t - 0.02 - 0.00 — 0.00 — 0.00 —
5-1 l.ow. dismount

and ‘or pop-up i 100 — 100 — 100 — 1.0 — 100 —
2 low 2 100 100 LO0O 100 100 1.00 100 1.00 1.00 100
53 Low, dismount

and ‘or pop-up 1 1o — 100 — 100 — 10 — 10 —
5-4  Low, dismount

and “or pop-up | 002 — 000 — 000 — 000 — 000 —
53 Low. dismount

and 7or pop-up 2 1.00 100 LOO0O 100 100 1060 1.00 100 100 100
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TABLE N

Comparison of Mean Survival Probabilities for Helicopters
Used Singly ond in Pairs

Conditional kill-probability level
Helicopters
vsed Runs 020 0.40 0.60 0.80 1.00
Mean helicopter-survival probability
1 14 0,30 0.2y 0.24 0.21 0.19
2 13 0.18 0.38 0.3¢ 0.33 0.32
TABLE 12

Comparison of Mean Helicopter-Survival Probabilities
by Reconnaissonce Tactic

Conditional kill-probability level

Heli
Tactic clicopters 1 020 | 040 | o060 | 080 | 100
vsed
Mean helicopter-survival probability

High 12 047 0,29 0.19 0.1t 0.1

Low 12 07 0.35 0.20 0.25 0.23

Low, dismount ad or pop-up 16 0.71 0.68 0.65 0.63 0.61

TABLE 13
Comparison of Mean Helicopter-Survival Probabilities by Tactic for
Helicopters Used Singly and in Pairs
Conditional kill-probability level

Tactic Helicopters Runs 0.20 0.40 0.60 0.80 1.00

. Meon helicopter-survival probabilities
High ! 6 0.36 0.19 012 0.08 .06
2 3 0.32 0.12 0.01 0.01 0.01
low 1 4 0.16 0.04 0.02 0.01 0.00
2 4 0.43 0.33 0.29 0.27 0.26
l.ow, dismount 1 1 0.71 0.66 0.63 0.60 0.58
and or pop-up 2 6 0.60 0.56 0.53 0.52 0.51
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These results, although not necessarily predictable in advance, are not
surprising. The low with dismount and/or pop-up tactic necessarily requires
a more cautious manner of reconnoitering and hence offers a greater chance
of avoiding enemy fire. The tactic of flying low without pop-up or dismounting
an observer increases the possibility of flying within range of enemy fire.
Similarly, the high tactic would entail greater chance of flying over hostile area.

Variations in Tactics and Number of Helicopters

The survivability data were grouped by tactic and number of helicopters,
and the means of the six possible conditions were calculated. These results
appear in Table 13. The probability of survival when a pair reconnoitered
was taken as the probability that both helicopters survived the mission. The
differences inthese means were not found to be significant until the 10 percent
level (Tables B11 and B12).

Variations ii Complexes

Mean helicopter-survival probabilities by ground complex, i.e., dispersed,
concentrated, and moving, were calculated from Tables 2 and 10 and are pre-
sented in Table 14. It can be shown that the increased survivability against
the moving complex was not simply due to chance.

TABLE 14
Comparison of Mean Helicopter-Survival Prokabilities Ly Ground Complex

Conditional kill-probability level
lie
Complex Rons | Melicopters | 920 | oa0 | o060 | os0 | 100
Mear helicopter-survival probability
Dispersed 10 15 0.11 0.25 017 0.13 0.10
Conceatrated 13 19 0.56 015 0.1 0.36 0.33
Moving ) 6 100 1.00 1.00 1.00 1.00

The concept of a more mobile and fluid enemy is being given greater con-
sideration than ever before in military thinking. The fact that the helicopter
has an increased probability of survival against a moving complex suggests
that emphasis on the employment of the aircraft in such a role would be
advantageous.

Survivability Analysis Findings

(a) The technique of flying low and employing pop-ups and/or dismounts
was superior to the other two techniques examined.

(b) No significant difference was observed between flying high or low.

(c) Helicopters were more effective when reconnoitering against a mov-
ing complex than against concentrated or dispersed ones.

(d) When helicopters were employed in pairs rather than singly, results
were not significantly different.
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WEIGHTED ACQUISITION ANALYSIS

The number of ground elements available and actual and weighted number
of acquisitions for each of the 27 runs are presented in Table 15. The weighted
number differs from the actual number in that it considers the probability of
survival of the helicopter at the time of acquisition. When a pair of helicopters
performed the reconnaissance mission, the team was given credit for an ac-
quisition by either of the helicopters, and all comparisons were made consid-
ering team rather than individual performance.

For each run the weighted fraction acquired was computed as follows:

weighted number acquired
actual number available

Weighted fraction acquired =

These values were grouped and compared to investigate the effects of (a) varia-
tions in tactics, (b) variations in tactics and number of helicopters, (c) varia-
tions in complexes, and (d) singles vs pairs. The mean weighted fraction ac-
quired was calculated by each of these groups, and the results are presented

in Tables 16 to 19.

As will be seen in Tables B18 to B21 in App B no significant differences
were found for any of these comparisons.

RATIO OF EFFECTIVENESS ANALYSIS

To estimate the effectiveness of each of the helicopter runs a ratio of
effectiveness (r) was calculated as follows:

weighted number of ground targets acquired
number of downed helicopters

r =

where P;(1) = survival probability for helicopter 1
P, (2) = survival probability for helicopter 2
1 - P¢(1) = number of downed helicopters (for runs with one
hehcopter)
2-P,(1) ~Pg(2) = number of downed helicopters (for runs with two
helicopters)

A summary of these calculations appears in Tables 20 to 23.
The ratios of effectiveness for the entire summer phase are presented
in Table 24.

UNANALYZABLE FILM

Twenty-one percent of the film data (20 out of 97 firings) were unanalyzable
because of technical difficulties. Table 25 indicates the amount of unanalyzable
film by run.
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TABLE 16

Comparison of Mecn Weighted Fraction Acquired,
by Helicopt:.rs Used

Conditional kill-probabiiity level
Helicopters | guns | 020 040 060 080  1.00
use
Mean weighted fraction acquired
1 14 0.30 0.27 0.26 0.25 0.25
2 13 0.42 0.39 0.37 0.36 0.35
TABLE 17
Comparison of Mean Weighted Fraction Acquired,
by Reconnaissonce Tactic
Conditional kill-probability fevel
Tactic Runs 0.20 0.40 0.60 0.80 1.00
Mean weighted fraction acquired
High 9 0.35 0.31 0.29 0.28 0.28
Low 8 0.34 0.30 0.27 0.27 0.26
l.ow, distiount
and ‘or pop-up 10 0.38 0.37 0.36 0.36 0.35
TABLE 18

Comparison of Mean Weighted Fraction Acquired, by
Reconncissonce Toctic and Helicopters Used

Conditional kill-probability level

Tactic Helicopters | pns | 020 | o040 | o060 | 080 | 100
used .

Mean weighted fraction acquired
High 1 6 0.32 0.29 0.28 0.27 0.27
2 3 0.40 0.35 0.32 0.30 0.29
fow | 4 0.28 0.23 0.22 0.21 0.2}
2 ) 0.10 0.37 0.33 0.32 0.32
.ow, dism.punt 1 1 0.29 0.28 0.28 0.27 0,27
and/or pop-up 2 6 0.41 0.1 0.2 0.4 0.4
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TABLE 19

Comparison of Mean Weighted Fraction Acquired,
by Ground Complex

Conditional kill-probability level

Complex Runs 0.20 0.40 0.60 0.80 1.00
Mean weighted fraction acquired
Dispersed 10 0.37 0.133 0.30 0.29 0.28
Concentrated 13 0.31 0.28 0.27 0.26 0.26
Moving | 0.18 0.18 0.18 0.18 0.18
TABLE 20
Comparison of Ratios of Effectiveness
by Helicopters Used
Conditional kill-probability level
Helicopters 1 oms | 020 040 060 080 100
used
Ratio of effectiveness
1 14 2.1 1.78 1.60 1.50 1.4
2 13 3.33 2.10 1.76 1.39 1.50
TABLE 2 .
Comparison of Ratios of Effectiveness
by Reconnaissance Tactic
Conditional kill-probability level
Tactic Runs 0.20 0.40 0.60 0.80 1.00
Ratio of effectiveness
High 9 2.44 1.61 1.35 23 1.16
Low 8 2.04 1.46 1.23 1.14 1.09
L.ow, dismount
and or pop-up 10 500 326 295 274 259
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TABLE 22

Comparison of Ratios of Effectiveness by
Reconnaissance Tactic and Helicopters Used

Conditional kill-probability level
Tactic Helicopters | puns | 020 | o040 | 060 | 080 | 1.00
used
Roatio of effectiveness
High 1 6 2.16 1.78 1.57 [ % 1.10
2 3 2.1 1.39 1.09 0.95 0.87
l.ow 1 1 1.63 1.20 1.10 105 °  1.03
2 4 2.50 1.70 1.35 1.22 1.14
l.ow, dismount 1 } 1.1 3.4 3.00 2.73 2.53
and ‘or pop-up L 6 5.20 3.21 2.91 2.7 2.61
TABLE 23
Comparison of Ratios of Effectiveness
by Ground Complex
Conditional kill-probability level
Complex Runs 0.20 0.40 0.60 0.80 1.00
N Ratios of effectiveness
Dispersed 10 2.02 4 1.18 1.08 1.03
Concentrated 13 2.78 1.77 1.53 1.10 1.31
.\loving 3 £ -~ o LY ~
TABLE 24
Summary of Film Data Analysis for 27 Runs
Weighted number
Conditional kill- of ground Helicopters Ratio of
probability level targets acquired downed effectiveness
0.20 46.35 " 16.25 2.85
0.40 42.27 21.63 1.95
0.60 40.24 23.84 1.69
0.80 39.25 25.27 1.55
1.00 38.54 26.20 1.7
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TABLE 25

Summary of Unanalyzable Film Data

. Firings
Run Tactic Hehco;;ters 8 5
use Analyzable Unanalyzable Total unon:rlcyez:'ble
1-1 High 1 3 1 1 05
1-2 Low 2 3 1 1 25
1-3 High 2 2 1 3 3
1-4 Low 2 4 0 1 0
21 High 1 6 1 " 1t
2-2 Low 2 8 0 8 0
2-3 Low 1 3 1 1 a5
2-4 High 1 4 0 Il 0
2.5 l.ow 1 5 0 5 0
2. High 2 8 2 10 20
3-1 L.ow 1 3 0 3 0
3-2 Low, dismount
and ‘ot pop-up 2 1 0 1 0
33 Low 1 3 0 ) 0
3-4 L.ow, dismount
and ‘or pop-up 2 2 0 2 0
3-5 High 1 3 1 1 25
3-6 Low, dismount
and ‘or pop-up 2 3 1 5 20
1 High 1 1 1 2 50
42 f.ow, dismount
and ‘or pop-up 2 0 0 0 0
+3 t.ow. dismount
and ‘or pop-up 1 2 0 2 0
4-4 L.ow, dismount
and ‘or pop-up 2 0 0 0 0
+5  Migh 2 4 5 9 35
14-6 High 1 3 1 ” 57
5-1 l.ow. dismount
and ‘or pop-up 1 0 1 1 100
5-2 l.ow 2 0 0 0 0
5-3 1.ow, dismoun:
and ‘or pop-up 1 0 0 0 0
5-4 l.ow, dismount
and ‘or pop-up 1 Y 0 1 0
5-5 1.ow, dismount
and ‘or pop-up 2 0 \ 0 0
Total kird 20 97 21
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CONCLUSIONS

Based on the preceding analyses of the time and film data and comments
by military personnel at various levels of command it is concluded that:

1. Area reconnaissance in the forward areas is indeed risky, and heli-
copters should be used with due caution.

2. The tactic of flying nap of the earth and employing pop-ups and dis-
mounts as the terrain and situation warrant is superior to flying at treetop
level or straight nap of the earth.

3. Generally speaking, a 1:2:3 ratio exists in time required to complete
a reconnaissance mission when using the techniques of flying high, low, and
low with pop-ups and,’or dismounts respectively. ,

4. Under the conditions of the experiment flying in pairs did not markedly
influence massion effectiveness. .However, other considerations should be
weighed. The assignment of two helicopters to a reconnaissance mission in-
creases the probability that one will return with the needed information. In
addition, definite psychological advantages accrue to pilots working in pairs.
Specifically, pilots and crew chiefs will be less apprehensive about ambush,
personal safety, and possible rescue. Also, pilots state that search techniques
can be hetter implemented when working in pairs.

5. In the limited cases where moving complexes were examined, the heli-
ccpter was found to be most effective.
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Appendix A

STATISTICAL ANALYSIS OF ACQUISITION DATA

Measure of Effcectiveness

Results of Statistical Tests

Interaction Analysis

Supplementary Analyses

Tables

Al=A20.
A27=A52.
AB3-ARO.
\81=A92,
A93-A105.
A106-A116.

A117=A127,
A128-A138.
AlL39=AT44,

ALI5=AL46.
Al47-A149,
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One-Sided Acquisition Advantages

Interacquisition Advantages

Overall Acquisition Advantages

Acquired Compared with Available Helicopters
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INTRODUCTION

The detailed analysis of the two-sided acquisition data contained in Tables
1 to 3 and supplementary analyses of helicopter-mission times and acquisition-
time advantages are presented in this appendix in Tables Al to A149.

In the 27 helicopter-reconnaissance runs a number of experimental vari-
ables were not controlled as closely as is statistically desirable. To a large
extent this was unavoidable because statistical control must frequently be
sacrificed to achieve desired levels of tactical realism or to utilize troops and
equipment when they are available. Among the factors that could have influenced
the experimental results but were not rigorously taken into account in the design
of the experiment were (a) time of day when the flights were made, (b) such
differences in scenario variations as the amount of battlefield noise reaching
observers from run to run, and (c) pilot learning during the experiment.

The small number of runs obtained also presented statistical difficulties.
Although it was planned to investigate each combination of ground employment,
helicopter tactics, and number of helicopters per run, there was time during
the period that troops were available to examine only 12 of the 18 possible com-
binations.

As a result of considerations such as these, statistical analysis was di-
rected toward making gross comparisons between the main factors varied.

The aerial factors were number of helicopters used per run {(one or two) and
reconnaissance technique employed (flying high, low, or low with dismount and/
or pop-up). Differences in ground scenarios were attributed to mode of em-
ployment (moving, dispersed, or concentrated) and mix of ground elements
(taaks, jeeps, APCs, infantry). Where it was realized that interactions between
main factors existed, special breakdowns of the data were made.

MEASURE OF EFFECTIVENESS

In analyzing the data the following measures of acquisition effectiveness
were used: (a) number of one-sided acquisitions recorded by air and ground
elements, (b) number of times one side enjoyed an interacquisition advantage
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over the other, (¢) total number of times one side reported an acquisition ad-
vantage over the other, and (d) number of targets acquired by each side com-
pared with the number available. The acquisition data pertaining to each of
these effectiveness measures is presented in Tables 1 to 3. One-sided acquisi-
tions refer to those sightings in which one side saw the other but was not seen
in return; hence for sightings of this type one side enjoyed a finite but unmeas-
urable acquisition-time advantage over the other. This acquisition measure
also includes those cases in which a ground element reacquired a helicopter on
a subsequent pass after the helicopter had disappeared from view on an earlier
pass. Interacquisitions refer to those instances in which one side saw the other
but was acquired in return, This type of sighting resulted in measurable acquisi-
tion-time advantages. Total acquisition refers to the total number of times one
side possessed a time advantage over the other; total acquisition data were ob-
tained by summing the data presented in Tables 1 and 2. Item d measures
targets acquired compared with available targets. The potential number of
helicopter sightings for the ground force on a particular run is defined as the
number of ground elements present times the number of helicopters dispatched.
On the other hand the number of ground targets available for air-to~-ground
acquisition was not considered a function of the number of helicopters employed.
As soon as one member of a helicopter team saw a ground element the pair was
given credit for the acquisition.

RESULTS OF STATISTICAL TESTS

Chi-square tests were used in comparing (a) the number of targets seen
compared with those available, (b) the ability of the different types of ground
elements to acquire helicopters, and (c) the ability of helicopters to acquire
aifferent ground elements. The following tables in this appendix contain Chi-
suuare analyses: Al11-Al13, A23-A26, A37-A39, A43-A52, A63~A67, and
AT7-A105. Major {indings are summarized below:

(a) The types of ground elements studied differ in their ability to obtain
at quisition advantages against the helicopter. The smaller elements (jeeps,
irfantry) acquired aerial targets without being seen in return significantly more
cften than the larger-sized vehicles (tanks, APCs). Stationary ground elements
recorded significantly more acquisition advantages than moving ground elements.
And finally, in terms of overall acquisition advantages, the smaller elements
were more effective than the larger; the stationary, than the moving. Infantry
scored significantly more acquisition advantages than expected from the number
present; APCs, significantly less.

(b) Based on the number of helicopters acquired compared with the number
available one type of ground element was about as effective as another. The fact
that no significant differences in helicopter-sighting frequency were detected can
be partly attributed to the relatively large number of helicopters acquired. Of
192 possible helicopter sightings 134 actual sightings were reported.

{c) Onthe other hand helicopters acquired some types of ground elements more
easily than other kinds. Smallelements suchas jeeps and infantry appeared more
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difficult to detect than the larger elements, e.g., tanks appeared to be more easily
observed.

(d) Fewer available helicopters were seen when pilots used the low with
dismount and/or pop-up technique than with other techniques. Moving ground
employments saw helicopters less frequently than stationary dispersed or sta-
tionary concentrated complexes saw them.

(e) Type of helicopter-reconnaissance technique had little effect on heli-
copters’ ability to acquire available ground elements. Approximately 50 percent
of the ground targets available were acquired for each of the three tactics flown.

The remaining acquisition-advantage data were analyzed using ¢ tests.
Since much of the data included reacquisitions, Chi-square tests based on the
number of acquisition advantages available were not applicable. Tables Al,
A27, and A53 contain comparisons of the acquisition effectiveness of helicopters
and ground elements. These analyses indicate that the ground elements scored
significantly more acquisition advantages than the helicopters; ground elements
repeatedly saw helicopters before the iiclicopters acquired ground elements in
return.

Tables A2-A10, A14-A22, A28-A36, A40—A48, A54-A62, and A68-AT6
present t tests based on small-sample statistics. The prerequisite F tests to
determine whether the sample variances may be pooled indicate that the method
used was applicable. The more important findings are summarized below:

(a) Flying in pairs did not increase the acquisition effectiveness of the
helicopter. On the other hand ground elements scored about as many acquisition
advantages against single helicopters as against pairs.

(b) Ground elements had significantly fewer advantages against helicopters
employing the low with dismount and,/or pop-up tactic than against other tactics.
Equally important is the fact that helicopters flying low with dismount aad/or
pop-up acquired more ground elements without being seen in return than heli-
copters using the other reconnaissance techniques.

(¢) Moving ground employments registered significantly fewer acquisition
advantages than concentrated or dispersed elements.

A suimmuary of the 105 analyses just discussed is presented in Tables 8 and 9.

INTERACTION ANALYSIS

At best these statistical analyses represent gross comparisons. Interac-
tions between the major factors varied tend to obscure the conclusions drawn.
The most serious interaction observed occurred when the hest helicopter-
reconnaissance tactic (flying low with dismount and/or pop-up) was played
against the least effective ground employment (moving), and only one observa-
tion cof another reconnaissance tactic against moving ground forces was made.
Hence it is difficult to determine how much of the helicopter’s success on the
fifth day was attributable to the dismount and/or pop-up tactic and how much
was attributable to flying against a moving armor column.

Additional statistical analyses were carried out to learn whether this in-
teraction seriously affected the findings listed above. In these analyses com-
parisons were made to determine whether the low with dismount and/or pop-up
tactic was superior to other reconnaissance techniques against dispersed and
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concentrated ground elements and to determine whether pilots employing the
low with dismount and/or pop-up tactic were more effective against the moving
armor column than against the other types of ground employment studied. The
analyses presented in Tables A106-A138 investigate helicopter performance
against ground elements other than moving. The analyses produced the follow-
ing findings.

(a) Ground elements obtained significantly more acquisition advauiages
than the helicopters did.

(b) Flying individually or in pairs did not appear to affect the number of
acquisition advantages scored by the ground or aerial elements.

(¢) Most importantly, flying with the low with dismount and/or pop-up
tactic still appears more effective than flying with the high or low tactics, al-
though the margin of difference is noticeably smaller than when the moving
armor-column data were included in the analysis. One can still be over 95
percent confident, however, that ground elements score significantly more
overall-acquisition advantages against helicopters flying high or low than against
helicopters employing the low with dism unt and/or pop-up tactic.

Analyses presented in Tables A139-A144 compare the effectiveness of the
low with dismount and, or pop-up tactic against moving vs concentrated ground
employments.

SUPPLEMENTARY ANALYSES

Suppicmentary analyses concerning the duration of interacquisition advan-
tages and helicopter missions have also been included in App A. Tables A145
and A146 summarize the duration of the interacquisition advantages observed
in the experiment. The mean time advantage for ground units was 12 sec and
the median advantage 10 sec. On the other hand the mean interacquisition time
advantage for helicopters was only 6 sec and the median advantage 4 sec.

Analyses of the length of time required for helicopters to complete their
missions with each of the three reconnaissance techniques were also made. It
was found that an average of 10.5 min was required to complete the 9 runs fly-
ing high; an average of 21.5 min, the 8 runs {lying low; and an average of 35.5
min, the 10 runs employing the low with dismount and/or pop-up tactic. The
statistical tests presented in Tables A147-A149 indicate that the differences
in time required to complete high missions compared with low, and high missions
compared with low with dismount and/or pop-up missions are highly significant.
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TABLE A2
One-Sided Ground-to-Air Acquisition Adventages

(One compared with two helicopters)

Observation
i t
“"'“‘;‘" 1 23fa|ls|el7]8]|9oflw]|n}r2]n|i]Toal
use
Advantages
1 1 h i 3 3 3 Tou 2 3 3 0 2 1 58
2 3 11 8 1 9 3 8 5 0 2 8 2 0 - 70
Observations ~ one helicopter "y = 11
Observations — two helicopters n, = 13
Sample variance — one helicopter s% - 6.837
Sample variance — two helicopters s% - L5444
n,s% 4 nyss
Pooled estimate of variance §2 = L 22 - 11.392
ny+ng -2
Best estimate of standard error of difference 3w -] A% + L 1.300
”] '12
Student’s ¢ - 0.935
Tabular 95, 0.30) 1.058
Tabular 1, _ 55 . 9,40 0.85¢
TABLE A3
One-Sided Ground-to-Air Acquisition Advantages
{High compared with low tactic)
Observation
Tactic 11231415617 1]81]9]Totel
Advantages
High 4 1 7 3 9 11 2 8 5 60
l.ow 3 8 11 + 3 3 7 2.-— 1
Observations — high tactic " = 9
Observations — low tactic ny = 8
. . .9 _
Sample variance — high tactic s§ = 999
Sample variance — low tactic s% = 8.859
Pooled estimate of variance 52 = 10.722
Best estimate of standard error of difference aw = 1.592
Student’s 1 = 0.968
Tabular t,, _ 15, - 0.40) = 0866
Tabular t(, _ 5, ¢ - 0.30) = Lon
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One-Sided Ground-to-Air Acquisition Advantoges
(High compated with low, dismount and/or pop-up tactic)

l.ow, dismount

7

5

L -]
[

Observations — high tactic n)

Observations — low, dismount and ‘or pop-up tactic

Sample variance — high tactic s
. . .2

Sample variance — low, dismouzt and or pop-up tactic S

Pooled estimate of variance §2

Best estimate of standard error of difference Gw

Tabular 142 g.0n

= 17, ¢ = 0.001)

One-Sided Ground-to-Air Acquisition Advantages

(Low compared with low, dismount and/or pop-up tactic)

9.995
5.810
8.709
1.355
2.928
2.898
3.965

10

Low, dismount

5

()

Observations — low tactic n,

Observations — low, dismount and ‘or pop-up tactic n,
Sample variance — low tactic s
Sample variance — low, dismount and ‘or pop-up tactic s2
Samp . dis pop-up 3
Puoled estimate of variance 52

Best estimate of standard error of difference 6w

= 16, ¢ - 0.10)
Tabular ((m = 16, € - 0.0%)

8.859
5.810
8.061
136
1.802
1716

2,120

Totol

Total
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TABLE Aé
One-Sided Ground-to-Air Acquisition Advantages

(High, low compared with low, dismaunt and/or pop-up tactic)

Observation
Toctic 11213141 5j617 1819100111 12)13114}15 |16 17} Total
Advantages
High, low 4 3 11 8 7. 11 4+ 3 3 9 3 7 1 2 8 5 2 10
1.ow, dismount
and/orpopup 3 8 5 0 3 2 0 2 f 0 - - - - - - - 27
Observations — high, low tactics 1, = 17
Observations — low, dismount and/or pop-up tactic n, = 10
Sample variance — high, low tactics s% = 10.055
Sample variance - low, dismount and ‘or pop-up tactic sg = 5.810
Pooled estimate of variance §2 = 9.162
Best estimate of standard ercor of difference ?lw = 1.320
Student’s - 2,436
Tabular Uim = 25, ¢ = 0.05) - 2.060
Tabular Lm = 25, ¢ = 0.02) = 2,185
TABLE A7
One-Sided Ground-to-Air Acquisition Advantages
(Moving com- . ared with dispersed ground employment)
Observation
Employment V1213|4156 7 18] 9]|10]Tota
Advantages
Moving o 2 2 0 — — == = = = 1
Dispersed 4 3 1 8 Ton 4 3 3 9 63
Observations — moving elements n; = 4
Observations — dispersed clements n, - 10
Sample variance — moving elements s% = 1.000
Sample variance — dispersed elements s% = 9.810
Pooled estimate of variance &2 = B.503
Best estimate of standard error of difference 5, = 1.726
Student’s ¢ = 3.071
Tabular Um = 12, ¢ - 0.01) = 3.055
Tabular t ., _ 12 - 0.001) = 4318
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TABLE A8

One-Sided Ground-to-Air Acquisition Advantages

(Moving compared with concentrated ground employment)

Observation

Employment 1 21314 ]5]6 17 (8 5910 113512]13] Total
Advantages
Voving 0 2 2 0 — - — -~ = - = - = 1
Concentrated 3 3 7 8 11 5 2 0 3 2 8 5 1 61
Obsérvations — moving elements n,; = 4
Observations — concentrated elements n, = 13
Sample variance — moving elements s% 1.000
Sample variance — concentrated elements sg - B.677
l’ooled estimate of variance 52 7.787
Rest estimate of standard error of difference ?xw = 1.596
Student’s t = 2313
Tabular tim = 15, « - 0.05) = 213
Tabutar t, 15 - 0.02) - 2602
TABLE A9
One-Sided Ground-to-Air Acquisition Advantages
(Dispersed compared with concentrated ground employment)
Observation
Employment 121314151671 8]9f10]1}112]13] Total
Advantages
Dispersed 1 3 1 8 7 1 {1 3 3 9 - - - 63
Concentrated 3 3 7 8 1 2 0 3 2 8 5 4 61
Observations — dispersed elements n, 10
Observations — concentrated elements n, - 13
Sample variance - dispersed elements s% = 9810
Sample variance — concentrated elements sg - 8,677
Pooled estimate of variance §2 = 10.043
Best estimate of standard error of difference 3“, - 1.333
Student’s t - 1.206
Tabular Um - 21, ¢ - 0.30) = 1.063
Tabular Lm - 21, ¢ - 0.20) = 1.323
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TABLE All
One-Sided Ground-to-Air Acquisition Advantages

(Comparison of ground elements)

Ground Total Advantages for total . ER
elemant employed Observed Expected E
Tank 22 19 21.760 0.350
Jeep 31 12 33.792 1.994
Moving jeep - 18 19 17.920 0.065
APC 20 17 19.840 0.406
Moving APC 19 1 18.816 11.668
Infantry *16 27 15.872 0.701
Total 129 128 128.000 15.184
-2
X(m - 5,¢ 001 - 15.086
.2 ; -
Nim = 5, ¢~ 0.001) = 20517
TABLE A12

One-Sided Ground-to-Air Acquisition Advantages

(Moving compared with stationary employment)

Total Advantages for total - ER
Employment emoloyed 3
ploy Observed Expected
Moving 7 23 16.736 5.136
Stationary 92 105 91.264 0.150
Total 129 128 128.000 5.286
2
Xim-1,¢- 005 - 384
2
Xim=1,¢= 002 = 542
TABLE A3
One-Sided Ground-to-Air Acquisition Advontages
(Large compored with small ground slements)
f t
Siee Total Advontages for total (0 - EP
employed Observed Expected E
§.arge 61 10 60.541 6.971
Small 68 a8 67.156 6.257
Total 129 128 128.000 13.228

2 497
Xfm-1,¢- 0001 = 10827
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TABLE Al4
One-Sided Air-to-Ground Acquisition Advantages

(One compoared with two helicopters)

Observation
Helicopters
usoz V{21314 516|789l w{n]i2]l13]14] Total
Advantayes
1 0 1 0 1 2 0 0 0 1 0 2 1 2 10
2 0 1 1 0 2 1 1 3 3 1 0 2 — 15
Observations — one helicopter 1, = 14
Observations — two helicopters ngy = 13
Sample variance — one helicopter s% = 0.721
Sample variance — two helicopters sg = 0.882
‘Pooled estimate of variance 82 - 0.869
Best estimate of standard error of difference ?rw - 0,932
Student’s ¢ = 1.229
Tabular Lim = 25, € = 0.30) - 1.058
Tabular Lim - 25, ¢ = 0.20) - 1.316
TABLE AlS
One-Sided Air-to-Ground Acquisition Advantages
(High compored with low tactic)
Observation
Tactic 1121314151617 8] 9] Total
Advantages
High 0 1 1 1 0 0 0 1 0 4
Low 0 1 2 0o 0 0 -— 3
Observations — high tactic n, = 9
Observations — low tactic n, = 8
Sample variance — high tactic s% = 0247
Samp.e variance — low tactic s% = 0415
Pooled estimate of variance 02 = 0370
Best estimate of standard error of difference 3w = 0.295
Student’s ¢ = 0234
Tabular Um = 15, ¢ = 0.80) = 0.257
Tabular tm = 15, € = 0.90) = 012
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TABLE Al6
One-Sided Air-to-Ground Acquisition Advantages

(High compared with low, dismount and/or pop-up tactic)

Observation

Tactic 1 2131418516781 9]10] otal
Advantages
High o 1 1 1 0 0 0 1 0 — 4

Low, dismount
and/or popup 2 1 13 1 3 2 1 2 2 18

Observations - high tactic n, -9
Observations — low, dismount and/or pop-up tactic ny = 10
Sample variance — high tactic s% - 021
Sample variance ~ low, dismount and ‘or pop-up tactic s% - 0.560
Pooled estimate of variance &2 - 0.160
Best estimate of standard error of difference & = 0311
Student’s ¢ = 1360
Tabular Um = 17, € = 0.001) - 3.965
TABLE A17

One-Sided Air-to-Ground Acquisition Advantages

{Low compared with low, dismount and/or pop-up tactic)

Observation

Tactic VY2 ]13{4:516|7]8]9]10]Totd
Advantoges

Low 0 1 0o 0o 2 9 0 0 —~ — 3

Low, dismount
and/or pop-up 2 1 1 3 1 3 2 1 2 2 18

Observations — low tactic n; = 8

Observations — low, dismount and ‘or pop-up tactic n, = 10

Sample variance — low tactic s"; = 0415
Sample variance — low, dismount and ‘or pop-up tactic s% = 0.560
Pooled estimate of variance 52 = 0.558
Best estimate of standard error of difference &, = 0.354
Student’s ¢ = 4.025

Tabular 1., _ 16, - 0.001) = 4015
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TABLE A18
One-Sided Air-to-Ground Acquisition Advantoges

{High, low compared with low, dismount and/or pop-up tactic)

Observation
Tactic 1121345617 (819110 NI 12113]1W4{[15]16]17] Totel
Advantages
High, low 0 0 1 1 1 0 0 1 2 0 0 0 0 © 1 0 0 7
Low, dismount
and‘or pop-up 2 1 1 3 1 3 2 1 2 2 - - - e - = = 18
Observations — high, low tactics n, = 17
Observations — low, dismount and,’or pop-dp tactic ny = 10
Sample variance — high, low tactics s% = 0.359
Sample variance — low, dismount and /or pop-up tactic sg = 0.560
Pooled estimate of variance 52 = 0.468
Best estimate of standard error of difference Gw = 0273
Student’s ! = 5.084
Tabular tim = 25, ¢ = 0.001) = 3.725
TABLE A9
One-Sided Air-i0-Ground Acquisition Advontoges
(Moving comporec with dispersed ground employment)
Observation
Employment 11213 415161781 9]10(]Total
Advantoges
Moving 2 0 ) 2 e = = - - 5
Dispersed o 0 «+ 1 1 o0 o0 1 2 0 6
Observations — mo/ing elements 1, = 4
Observations — rispersed elements n, = 10
Sample variance — moving elements sf = 0.688
Sample variance — dispersed elements s% = 0.440
Pooled estimate of variance 82 = 0.59
Best estimate of standard ervor of difference 8, = 0.457
Student’s ¢ = 1.422
Tabular ¢, _ 13, ¢ - 0.20) = 1356
Tabular tm = 12, € = 0.10) = 1.782
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TABLE A20
One-Sided Air-to-Ground Acquisition Advantages

(Moving compared with concentrated ground employment)

Observation

Employment 1121314151671 819110]1]12113] Total

Advontages

Moving 2 0 1 2 e —m e e e 5
Concentrated 0 2 ) B 1 0 3 1 3 1 0 2 14

Observations — moving elements n, = 4

Observations — concentrated elements ny =13

Sample variance — moving elements sg = 0.688

Sample variance — concentrated elements s% = 1150

Pooled estimate of variance 32 = 1.180

Best estimate of standard error of difference 3, = 0.620

Student’s ¢ = 0.281

Tabular Lm = 15, ¢ = 0.70) = 0.393

Tabular tm = 15, ¢ = 0.80) = 0,258

TABLE A21

One-Sided Air-to-Ground Acquisition Advantages

(Dispersed compared with concentroted ground employment)

Observation

Employment V] 2|3 45161718} 9]10j)j11]12]13]Total

Advantages

Dispersed 0 0 1 1 1 0 0 1 2 0 — = - 6
Concentrated 0o 2 0 1 0 1 0 3 1 3 1 0 2 14

Observations — dispersed elements n, = 10

Observations ~ concentrated elements ny = 13

Sample variance - dispersed elements s% = 0.440

Sample variance ~ concentrated elements s% = 1.150

Pooled estimate of variance 82 = 0921

Best estimate of standard error of difference 9w = 0.402

Student’s ¢ = 1.184

Tabular Lm = 21, € = 0.30) = 1,063

Tabular t,, _ 9}, - 0.20) = 1.323
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. TABLE A23
One-Sided Air-to-Ground Acquisition Advantages

{Comparisen of ground slements)

Ground Total Advantages for total (0-ER
element employed Observed Expected E
Tank 22 6 4.250 0.721
Jeep 34 4 6.600 1.024
Moving jeep 18 2 3.500 0.643
APC 20 5 3.875 0.326
Moving APC 19 6 3.675 1.471
Infantry * 16 2 3.100 0.390
Total 129 25 25.000 4.575
2
Xim=5,¢=050 = 435
2 .
Xim=5,¢-030) = 6.064
TABLE A24
One-Sided Air-to-Ground Acquisition Advontages
(Moving compared with stationary employment)
Total Advoantages .or total (0-ER
Employment emoloyed =
ploy Cbserved Expected
Moving 37 8 7.175 0.094
Stationary 92 17 17.825 0.038
Total 129 25 25.000 0.132
x2 = 0.064
(m =1, e = 0.80)
2
x(m =1¢€=0700 ~ 0.148
TABLE A25 .
One-Sided Air-to-Ground Acquisition Advantages
(Large compared with small ground elements)
Gine Total Advantages for total (0 - ER
employed Observed Expected E
Large 61 17 11.825 2.265
Small 68 8 13.175 2.033
Total 129 25 25.000 4.298
X2 = 3.841
ém =1, € = 0.05)
X 5.412

m=1,¢e=002) ~

10
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TABLE A28

Ground-to- Air Interacquisition Advantages

(One compored with two helicopters)

Observation
Helicopt
St vy 23l afslel7)8lolw]nji2]13]ie] Toal
use
Advontages
1 1 2 2 1 2 2 2 1 0 0 2 0 0 0 1
2 3 1 0 2 2 1 0 2 0 0 1 1 0 -
Observations — one helicopter 1y = 14
Observations — two helicopters n, = 13
Sample variance — one helicopter s% -~ 0.781
Sample variance — two helicopters s% 0.923
Pooled estimate of variance &2 = 0917
Best estimate of standard error of difference Gw = 0.369
Student’s 0.19%
Tabular t, o, 0.80) 0.256
Tabular t,,  oc . ¢.00) 0.127
TABLE A29
Ground-to-Air Interacquisition Advantages
(High compared with low tectic)
Observation
Toctic 112131451617 |87 9] Total
Advantages
High 1 1 2 1 2 1 0 1 2 11
Low 3 0 2 2 2 2 2 1 - 14
Observations - high tactic =9
Observations — low tactic ny = 8
Sample variance — high tactic sil, = 0.396
Sample variance — low tactic s% = 0.688
Pooled estimate of variance 52 - 0.604
Best estimate of standard error of difference 3w = 0.378
Student’s ¢ = 1.398
Tabular ‘(m'= 15, ¢ = 0.20) = 1.341
= 1,753

Tabulus t,, _ 15 ¢~ 0.10) =

RAC-T-433
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TABLE A30
Ground-to-Air Interacquisition Advantages

(High compared with low, dismount and/or pop-up tactic)

Observation

Tactic 112314156} 7] 8} 9]10] Total
Advantages
High 1 1 2 1 2 1 0 1 2 - 11

l.ow, dismount

and/orpopuyp 1 O 2 0 O O O O O O 3

Observations — high tactic n; = 9

Observations - low, dismount and/or pop-up tactic n, = 10

Sample variance — high tactic s% = 0.39
Sample variance - low, dismount and ‘or pop-up tactic sg = 0.110
Pooled estimate of variance 82 = 0.451
Best estimate of standard error of difference & = 0.309
Student'’s ¢ = 2.989
Tabular Um = 17, € = 0.01) = 2.398
Tabular t,, _ 47 .~ 0.001) = 3.965

TABLE A%

Ground-to-Air Interacquisition Advantages

(Low compared with low, dismount and/or pop-up tactic)

Observation

Tactic 1123415167 ][8] 9]10]Total
Advantages

Low 3 0 2 2 2 2 2 T — — 14

L.ow, dismount
and/orpopwp 1 O 2 0 0 O O O O O 3

RAC-T-433

Observations — low tactic = 8
Observations — low, dismount and/or pop-up tactic n, = 10
Sample variance — low tactic s% = 0.688
Sample variance — low, dismount and/or pop-up tactic s% = 0.410
Pooled estimate of variance 32 = 0.600
Best estimate of standard error of difference & = 0.368
Student’s t = 3.945
Tabular m =16, ¢ = 0.0 = 2,921

Tabular Lim = 16, € = 0.001) .

73
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TABLE A32
Ground-to-Air Interacquisition Advontages

(High, low compared with low, dismount ond/or pop-up tectic)

Observation

Toctic 11213 |a4)5{6f 7|8 |oj10bmmt12|13114115]{16]17] Total
Advantages
High, low 1 3 + o0 2 2 2 1 2 2 2 2 1 0 1 2 1 25
Low, dismount
and/orpopowp 1 0 2 0 O O 0 0 0 0 — — — —= — — — 3

4

Observations — high, low tactics n, =17

Observations — low, dismount and ‘or pop-up tactic n, = 10

Sample variance — high, low tactics sf = 0.602
Sample variance — low, dismount and /or pop-up tactic s% = 0.410
Pooled estimate of variance §2 = 0.573
Best estimate of standard error of difference & = 0.302
Student’s t = 3,881
Tabular tm = 25, € = 0.001) = 3.725

TA3LE A33
Ground-to-Air Interacquisition Advantages

(Moving compared with dispersed ground employment)

Observation

Employment 1 213451617 |8] 9]10}Total

Advantages
Moving 0 1 0 0 — — w—w — = — 1
Dispersed 1 3 1 0 2 2 2 1 2 2 16
Observations — moving elements n = 4
Observations — dispersed elements n, =10
Sample variance — moving elements s% = 0.188
Sample variance — dispersed eiements sg = 0.640
Pooled estimate of variance §2 = 0.596
Best estimate of standard error of difference 8, = 0.457
Student’s ¢ = 2.956
Tabular Lm =12, € = 0.02) = 2.681
Tabular t,, _ 12, ¢~ g.01) = 3.055

RAC-T-433
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TABLE A34

Ground-to-Air Interacquisition Advantages

(Moving compared with concentrated ground employment)

Observation
Employment 1 213141516178 9]10]11]12}13] Total
Advantages
Moving 0 1 0 0 — = = = — - — = - 1
Concentrated 2 1 2 0 1 2 0 0 0 o0 1 2 0 11
Observations — moving elements n, = 4
Observations — concentrated elements n, = 13
Sample variance — moving elements s% = 0.188
Sample variance — concentrated elements sg = 0.746
Pooled estimate of variance #2 = Crv6
Best estimate of standard error of difference &, = 0.477
Student’s ¢ = 1.249
Tabular '(ﬂl — 15, ¢ = 0.30) = 1.074
Tabular ¢, _ 15, ¢ = 0.20) = 1.341
TABLE A35
Ground-to-Air Interacquisition Adventages
(Dispersed compared with concentrated ground emplsyment)
Observation
Employment 1 2134 5]6]7]8]9j1W0]11]12]13] Totel
Advantages
Dispersed 1 3 1 o0 2 2 1 2 2 - = - 16
Concentrated 2 1 2 0 1 2 0 0 0 0 1 2 0 i1
Observations — dispersed elements = 10
Observations — concentrated elements n, = 13
Sample variance — dispersed elements s% = 0.640
Sample variance — concentrated elements s% = 0.746
Pooled estimate of variance 32 = 0.766
Best estimate of standard error of difference 8, = 0.368
Student’s ¢t = 2,048
Tabular t,\ _ 51 - 0.10) = L721
Tabular t ., _ 91, ¢ = 0.05) = 2.080

RAC-T-433
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TABLE A3?
Ground-to-Air Interacquisition Advantages

(Comparisen of ground siements)

Ground Totel Advantages for total (0- EP
element employed Observed Expected E
Tank 22 n 4.775 8.115
Jeep 34 6 7.380 0.258
Moving jeep 18 2 3.907 0.931
APC 20 2 4.341 1.262
Moving APC 19 3 4.124 0.306
Infantry 16 4 3.473 0.080
Total 129 28 28.000 10.952
x?2 = 9236
{m =15, ¢=0.l0)
2
X(m=5,¢e=008 = 11.070
TABLE A38
Ground-to-Air Interacquisition Advontages
(Moving compared with stationary employmeat)
) {
Total Advantoges for total 0-ER
Employment employed 3
P Observed | Expected
Moving 37 5 8.031 1.144
Stationary .92 23 19.969 0.460
Total 129 28 28.000 1.604
x? = 1.074
(m=1,¢=030
2

x(m= Le=0200 °~ 1.642

TABLE A39
Ground-to-Air Interacquisition Advantages

(Large compared with small ground elements)

Advontages for total

. Total (0-E?
Size
omployed | oprerv.d | Expected
i. arge 61 16 13.240 0.575
Small 68 12 14.760 0.516
Total 129 28 28.000 1.091
x2 - 1.074

(m=1, ¢= 0.30)

2
Xm=1,¢=020 = 1642

RAC-T-433
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TABLE A40

Air-to-Ground Interacquisition Advantages
(One compored with two helicopters)

Observation
Helicopters
vsed 1 21 31 4} 5161 /718191101111 12]13}114] Total
Advantages
1 1 0 0 0 0 0 0 1 0 1 1 0 0 4
2 1 0 1 2 0 1 2 0 0 0 1 0 - 8
Observations — one helicopter n, = 14
Observations — two helicopters n, =13
Sample variance — o1e helicopter s% = 0.204
Sample variance — two helicopters s g = 0544
Pooled estimate of variance 52 = 0.397
Best estimate of standard error of difference Gw = 0.243
Student's t = 1.358
Tabular t(m = 25, € = 0.20) = 1316
Tabular !(M = 25, ¢= 0.10) = 1.708
TABLE A4l
Air-to-Ground Interacquisition Advantages
{High compared with iow tactic)
Observation
Tactic 11231415617 ]|8] 9% Total
Advantages
High 1 1 0 2 0 1 0 1 6
Low 0 o0 1 0 0 o0 0 1 - 2
Observations — high tactic n, =9
Observations — low tactic n, =8
Sample variance — high tactic 521, = 0.444
Sample variance — low tactic sg = 0.188
Pooled estimate of variance 82 = 0.367
Best estimate of standard error of difference 3w = 0.294
Student’s ¢ . = 1.416
Tabular !(M = 15, € = 0.20) = 1.341
Tabular tm= 15, ¢ = 0.10) = 1,753
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TABLE A42

Air-to-Ground Interocquisition Advantages

(High compared with low, dismount and/or pop-up tactic)

Observation

Tactic 1 213145617 9| 10 | Total
Advantages
High 1 1 0 1] 2 0 1 —_ 6
° Low, dismount
and/orpopuyp O 1 2 0 O O 1 ¢ o 4
Observations ~ high tactic n, = 9
Observations — low, dismount and/or pop-up tactic n, =10
Sample variance — high tactic s"l’ = 0.444
Sample variance — low, dismount and/or pop-up tactic s% = 0.440
Pooled estimate of variance 82 = 0.494
Best estimate of standard error of difference Gw = 0.323
Student’s ¢ = 0.826
Tabular t(“ = 17, € = 0.50) = 0.689
Tabular t,,, _ 17, (- 0.40) = 0.863
TABLE A43
Air-to-Ground Interacquisition Advurtages
(Low compared with low, dismount and/or pop-v, tactic)
Observation
Tactic 1 2|1 3|1415}16]|7 9110 | Total
Advontoges
Low 0 0 1 0 0 0 0 —_ - 2
Low, dismount
and/orpopwp O 1 2 0 0 O 1 0 0 4
Observations — low tactic n, = 8
Observations ~ low, dismount and/or pop-up tactic n, = 10
Sample variance — low tactic s% ' = 0.188
Sample variance — low, dismount and/or pop-up tactic s% = 0.440
Pooled estimate of variance 52 = 0.369
Best estimate of standard error of difference 3w = 0.288
Student’s = 0.52]
Tabular Um = 16, ¢ = 0.60) = 0.535
= 0.392

RAC-T-433
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TABLE Ad4
Air-to-Ground Interacquisition Advantages

(High, low compared with low, dismount and/or pop-up tactic)

Observation
Tactic 1|12 (3 j4|5t6]7|8]9jwinj12113]14}15]161} 17| Total
Advantages
High, low 1 0 1 0 o0 1 0 [ ] 2 0 0 0 1 0 1 1 8
Low, dismount
and/orpopup 0 1 2 0 0 0 1 0 0 0 — — e — o — - 4

80

Observations - high, low tactics n, = 17

Obeervations ~ low, dismount and/or pop-up tactic ny = 10

Sample variance — high, low tactics s% = 0.367
Sample variance — low, dismount and/or pop-up tactic sg = 0.440
Pooled estimate of variance 52 = 0.425
Best estimate of stundard error of difference 3, = 0.260
Student’s t = 0.272
Tabular '(m = 25, € = 0,70) = 0.390
Tabular Lm < 25, ¢ = 0.80) = 0.256

TABLE A45

Air-to-Ground Interacquisition Advantages
(Moving compered with dispersed ground employment)

Observation

Employment 1] 21 3) 4] 5] 617)] 8] 9110/ Tota

Advantages
Moving 1 1 0 0 — — - = — - 2
Disperscd 1 (VRS | 0 o 1 o 0 o0 2 5
Observations — moving elements n, = 4
Observations — dispersed elements n, = 10
Sample variance — moving elements s% = 0.250 -
Sample variance — dispersed elements s% = 0.450
Pooled estimate of variance 52 = 0.458
Best estimate of standard error of difference sw = 0.401
Student's t = 0

RAC-T-433




TABLE A46
Air-to-Ground Interacquisition Advantages

{Moving pared with trated ground employment)
Observetion
Employment 1121345161781 9]10111]12]13]Total
. Advantages
Moving 1 1 0 0 ~— = = = «w - — - - 2
Concentrated 0 0 0O 1 0o 2 1 o 0 0 o0 1 0 5
Observations — moving elements n, = 4
Observations — concentrated elements n, = 13
Sample variance — moving elements sf = 0.250
Semple variance — concentrated elements sg = 0.391
Pooled estimate of variance 32 = 0.405
Best estimate of st ndard error of difference §,, = 0.364
Student’s ¢ = 0.317
Tabuler £, . 1c . - 0.70) = 0393
Tabular t(, _ 15 - 0.50) = 0.258
TABLE A47
Alr-to-Ground interacquisition Advantaoges
(Dispersed pared with ated ground employment)
Observation
Employment 1121345167 ]8191W|MN]12]13]Total
Advontages
Dispersed 1 6 1.0 0 1 0 0 0 2 — — — 5
Concentrated 06 O©0 O 1 0 2 1 0 O o0 O 1 0 5
Observations ~ dispersed clements n; = 10
Observations ~ concentrated elements n, = 13
Semple variance — dispersed elements s% = 0.450
Sample variunce — concentrated elements sg = 0.391
Pooled estimate of variance $2 = 0.456
Best estimate of standard error of difference 3, = 0.284
Student’s ¢ = 0.406
Tabular Lim = 21, € = 0.60) = 0,532
Tabular €, 9}, ¢ = 0.70) = 0.391
RAC-T-433
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TABLE A49
Air-to-Ground Interacquisition Adventages

(Comporison of ground elements)

i

Ground Totol Advantages for total © - Ep?
element employed Observed Expected &
Tank 22 1 2.047 0.536
Jeep 34 1 3.163 1.479
Moving jeep 18 1 1.674 0.271
APC 20 1 1.860 2.462
Moving APC 19 4 1.767 2.822
Infantry 16 1 1.489 0.161
" Total 129 12 12.000 7.731
2 = 7.289
Xm=5¢e=020 =7
2
Xm=5¢=010 = 9236
TABLE AS50
Air-to-Ground Interacquisition Advantages
(Moving compared with stationary employment)
Total Advantages for total (0-ER
Employment empioyed 3
proy Observed Expected
Moving 37 5 3.442 0.705
Stationary 92 7 8.558 0.284
Total 129 12 12.000 0.989
2 -
x(m =1,e=050 0.455
2 =
xm =1, €= 0.30) 1.074
TABLE AS5)
Air-t0-Ground Interacquisition Advantages
(Large compared with small ground elements)
Sine Total Advantages for total (0 - E)?
smployed Observed Expected £
Large 61 9 5.674 1.950
Small 68 3 6.326 1.749
Total 129 12 12.000 3.699
x3 = 2.706
m=1, = 0.10) :
2
Xim=1,e=00s = 3841

83



_ (100°0 =297 = W), syinqu

wre =

6T¥'S = 1 8,uapmg

OEL°LT = S 2ouRLEA ajdweg

wort = X 20U afeiany
o:wnm_Nmuww_nnnl~¢ﬂ—wawmanncm—who~cqnou:nuota
umNN_—m——m~m~ncmcmomu~o——_mc_ ny
cm_ovuncnammouhm—waem:mecﬁowu—om punos)

safojuorpy

wioglsstrsles|zslisforisvivriev|TriLy sclse|veice|ze|re|ot|sTireiet|lt t-zv-tjenfzijtt IS

uny

(310 Yiim pesodwos puncig)

sabojunapy uolISINDIY |[DISAQ

RAC-T-433

g6V 318Vl

rggor = (10070 =2 7L =y

cg0'9 - (1070 =2 *1 = smx
oseL 000°¢C1 (41 621 jeio], .
€82°¢C CLE'8 1 06 8134Y)
69¢°S 8C9°t 8 6t 2dVv

3 paidedxy paasasqQ pokoduss owel3

{3 -0) |p104 10§ $9B0JUOAPY ool

(swowseje punoib 1840 Yum peiodwod sDJVY)

sabojuoapy uo1JiSINDIDIAL| PUNCI-0i-ItY

Isv 318vl

84



TABLE AS4
Overall Ground-to-Air Acquisition Advantages

(One compored with two helicopters)

Observation

Helicopters 1 2131 4151 6) 71819110111 12]13]114] Tote!

used
Advantages
1 5 9 6 4 5 5 9 12 2 3 7 0 2 4 73
6 12 8 13 11 4 8 7 0 2 9 3 0 — 83
Observations ~ one helicopter n, = 14
Observations — two helicopters n, = 13
Sample variance — one helicopter s% = 9.597
Sample variance — two helicopters s% = 17.463
Pooled estimate of variance 5% = 14.455
Rest estimate of standard error of difference Gw = l.464
Student’s = 0,799
Tabular Lim = 25, ¢ = 0.40) = 0.856
Tabular im = 25, ¢ = 0.50) = 0.684
TABLE AS55
. Overall Ground-to-Air Acquisition Advantoges
(Righ compared with low tactic)
Observation
Tactic 1V ]121314]5016]7] 8] 9] Total
Advontoges
High 5 12 9 4 11 12 2 9 7 71
Low 6 8 13 6 5 5 9 3 - 55
Observations — high tactic n, = 9
Observations — low tactic ny = 8
Sample variance — high tactic s% = 11.653
Semple variance — low tactic sg = 8.359
Pooled estimate of variance 92 = 11.450
Best estimate of standard error of difference Gw = 1.645
Student’s = 0.616
Tabular ((m = 15, € = 0.50) = 0.691
Tabular tm = 15, ¢ = 0.60) = 0.536
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TABLE A56
Overall Ground-to-Air Acquisition Adventoges

(High compored with low, dismount and/or pop-up tactic)

Observation

Tactic 11233 4151617181 9]10]) Total
Advantages
High 5 12 9 4 11 12 2 9 7 — 1
Low, dismount
and/orpop-wp 4 8 7 0 3 2 0 2 4 O 30
Observations — high tactic n, = 0
Observations — low, dismount and/or pop-up tactic n, = 10
Sample variance — high tactic s% = 11.653
Sample variance — low, dismount and.’or pop-up tactic s% = 17.200
Pooled estimate of variance 52 = 10.405
Best estimate of standard error of difference Gw = 1.482
Student’s t = 3.299
Tabular Lm = 17, ¢ = 0.0D) = 2.898
Tabular t,,, _ 47~ ¢.001) = 3.965
TABLE AS7
Overall Ground-to-Air Acquisition Advantages
(Low compared with low, dismount and /or pop-up tactic)
Observation
Tactic 1] 213141516171 8] 9)10] Total
Advantages
Low 6 8 13 6 5 5 9 3} - - 55
Low, dismount
and ‘or pop-up + 8 T 0 3 2 0 2 1+ 0 30
Observations — low tactic 1 - 8
Observations — low, dismount and or pop-up tactic h, - 10
Sample variance — low tactic s% - 8.359
Sample variance — low, dismount and or pop-up tactic s% = 7.200
Pooled estimate of variance &2 - 8.680
Best estimate of standard error of difference ?Iw = 1.398
Student’s t = 27173
Tabular Um = 16, ¢ = 0.02) = 2.583
Tabular €, 16 ¢ - 0.01) = 2921
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TABLE A58

Overall Ground-to-Air Acquisition Advantages

(High, low compared with low, dismount and/or pop-up tactic)

Observation”

Tactic V] 2134851617181 911011112113 [14]15)16 {17 {Tota
Advantages
High, low 5 6 12 8 9 13 6 4 5 1 5 9 12 2 9 7 3 126
Low, dismourt
and‘orpopup 4 8 7 0 3 2 0 2 4 0 — — - — ~ — - 30
Observations — high, low tactics n, = 17
Observations — low, dismount und ‘or pop-up tactic n, 10
Sample variance — high, low tactics s% 10.359
Sample variance — low, dismount and ‘or pop-up tactic s§5 - 7.200
Pooled estimate of variance 5> = 9,921
Best estimate of standard error of difference & = 1255
Student’s 3514
Tabular !{m S as ¢ 0.01) 2,787
Tabular t, . 2q . 0.001) 3.725
TABLE A59
Overall Ground-to-Air Acquisition Advantages
(Moving compared with dispersed ground employment)
Observation
Employment 1121 314}15]6)]7]81]9]10] Totel
Advantages
Moving 0 3 2 0 ~ ~— — - - - 5
Dispersed 5 6 12 8 9 13 6 1+ 5 11 79
Observations - moving elements 1, '
Observations — dispersed elements n, = 10
Sample variance — moving eleinents s?" 1.688
Sample variance — dispersed elements sg = 9.290
Pooled estimate of variance 82 = 8.304
Best estimate of standard error of difference Gw - 1705
Student’s ¢ = 3.901
Tabular Ym = 12, € = 0.01) = 3.055
Tabular Lm = 12, € = 0.001) - 4.3l8'
RAC-T-433 81




88

TABLE Aé0

Overal! Ground-to-Air Acquisition Advontages
(Moving compored with concentrated ground employment)

Observation

Employment 11213} 41576171 8)] 911011 ]112]13] Total
Adveontages
Moving 0 3 2 0 - — - = = = - - - 5
Concentrated 5 4 9 8 12 7 2 0 3 2 9 7 4 72
Obsgrvations — moving elements n| = 4
Observations — concentrated elements ", = 13
Sample variance — moving elements s% = 1.688
Sample ‘sariance — concentrated elements s% = 11.017
Pooled estimate of variance 82 9.998
Best estimate of standard error of difference &w - 1.808
Student’s = 2,372
Tabular !(m 215, € = 0.05) = 2,131
Tabular Y - 15, ¢ - 0.02) = 2,602
TABLE A61
Overcll Ground-to-Air Acquisition Advantages
(Dispersed compared with concentroted ground employment)
Observation
Employment 112131 4| S5S]16]71819110]NM{12]12] Total
Advantages
Dispersed 3 6 12 8 9 13 6 1+ 5 11 — —~ — 7
Concentrated 5 t 9 8 12 7 20 3 2 9 T 7
Observations —~ dispersed elements n; = 10
Observations — concentrated elements n, = 13
Sample variance - dispersed elements s“; = 9290
Sample variance - concentrated elements s% = 11.017
Pooled estimate of variance 32 = 11.244
Best estimate of standard error of difference b‘w = 1.410
Student’s = 1.674
Tabular Lm - 21, ¢ = 0.20) = 1.323
Tabular t = 1.721

(m- 21, ¢~ 0.10)
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TABLE Aé3
Overoll Ground-to-Air Acquisition Advantages

(Comparison of ground elements)

Ground Total Advantages for total (0-EP
element employed Observed Expected E
Tank 22 30 26.605 0,433
.'ecp 3t 18 11.116 1.153
Moving jeep 18 21 21.767 0.027
\PC 20 19 21.186 1112
Moving APC 19 N 22,977 11110
Infantry 16 31 19.319 T.015
Total 129 156 156.000 20.851
2 o1 = g
Nim  5,¢ 0.00D 20.513
TABLE Aé4
Overall Ground-to-Air Acquisition Advantages
(Moving compared with stationary employment)
Total Advantages for total (0 -ER
Employmen employed E
ey Observed Expected
Moving 3 28 1o 6.2606
Stationary 92 128 e 256 2.520
Total 129 156 156 000 8.780
2 -
Nim 1o 00D 6.635
9
Nom  1e 000D 10.827
TABLE AéS
Overall Ground-to-Air Acquisition Advantages
(Lorge compared with small ground elements)
Gine Total Advantages for total 0. R
employed Observed Expected t
l.arge 6l 36 T3T6T 1279
Small 68 100 82.233 3.839
Toral 129 156 156.000 8.118
2 =
Xim=1,¢- 00D 6.035
2
X 10.827

‘(m = 1, ¢ - 0001)
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TABLE A6
Overall Ground-to-Air Acquisition Advontages

(APCs compared with other ground elements)

Total Advantages for total (0 - E)?
Element employed '3
pley Observed Expected
APC 39 26 17.163 9.196
Others 90 130 108.837 £.115
Total 129 156 156.000 13.611
2 )-
Nim= 1, omop 1082
TABLE A&7
Overall Ground-to-Air Acquisition Advantages
(Infantry compared with other ground elements)
Total Advantages for total (0-ER
Element emploved 3
pley Observed Exp ected
Infantry 16 3 19.319 T.016
Others 113 125 136.651 0.993
Total 1209 156 156.000 8.000
2
Nom L 000 6.635
9
Nom 1, e - 0.00D) 10.827
TABLE A8
Overall Air-to-Ground Acquisition Advantages
{One compared with two helicopters)
Observation
Helicopters
1 23| 4751 6] 78] 9110 11112113114 Total
used
Advantages
1 1 1 0 1 2 0 0 0 ! 1 1 3 1 2
2 0 2 i 1 2 2 2 3 3 3 1 1 2 - 2
Observations — one helicoprer 1y 1
Observations — two helicopters n, 13
Sample variance — one helicopter \': 0711
Sample variance — twe helicopters 3 0.793
Paaled estimate of variance 57 0.812
Best estimate of standard error of difference f?w 0.317
Student’s | 2.216
Tabular '(m - 25, ¢~ 005) 2.060
Tabular Um 25, ¢ 0.07) - 2,485
RAC-T-433

91




92

TABLE Aé9

Overall Air-to-Ground Acquisition Advantages

(High compared with low tactic)

Obs~rvation

Tactic 1 21345161781 9]Totl
Advontages
High 1 21 1 20 1 1 10
Low 0 1 1 0 2 0 0 —_ 5
Observations — high tactic n =9
Observations — low tactic n, = 8
Sample variance — high tactic s% 0.322
Sample variance — low tactic sg - 0.18%
Pooled estimate of variance §° 0.152
Best estimate of standard error of difference 5w = 0.327
Student’s t = 1.189
Tabular U 15, ¢ 020) - 134}
Tabular t 45 g0 1753
TABLE A70
Overoll Air-to-Ground Acquisitinn Advantages
(High compared with low, dismount ard ‘or pop-up tactic)
Observation
Tactic 11213141561 7(8(9]110]Total
Advantages
High 1 2 1 1 2 0o 1 1 1 —~ 10
Low, dismount
and orpopup 2 2 3 3 } 3 3 1 2 2 2
Observations — high tactic n -9
Observations — low, dismount and or pop-up tactic ny - 10
Sample variance — high tactic s:‘2 = 0322
Sample variance — low, dismount and or pop-up ractic sg - 0.560
Pooled estimate of variance 52 - 0.500
Best estimate of standard error of difference 3w = 0324
Student’s ¢ -~ 3.352
1. . 9
Fabular Um = 17, € - 0.01) = 2.898
Tabular Um = 3.965

=~ 17, ¢ - 0.001)
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TABLE A7
Overdll Airto-Ground Acquisition Advantages

(Low compared with low, dismount and/or pop.up tactic)

Observation
Tactic 1121 3}4]151617 8] 91101 Total
Advantages
Low 0 i 1 0 2 0 0 1 - - 5
L.uw, dismount
andorpopwp 2 2 3 3 1 3 3 1 2 2 22
Observations — low tactic n, - 8
Observations — low, dismount and or pop-up tactic hy - 10
Sample variance — low tactic s% - 0.181
Sample variance — low, dismount and ‘or pop-up tactic s2 - 0.360
Pooled estimate of variance §2 0.592
Best estimate of stundard error of difference ?’w = 0.365
Student’s - L3h
Tabular Lm - 16, ¢ 0 001) - 1015
TABLE A72

Overall Air-to-Ground Acquisition Advantages

(High, low compared with low, dismount and/or pop-up tactic)

Observation
Tactic 1120314} 516 7181911011} 12113]14]115]16]17 }Total
Advantages
High, low 1 0 2 1 1 1 0 1 2 2 0 0 0 i 1 ! 1 15
L.ow, dismount
and or jopup 2 2 3 3 1 3 3 1 2 2 - - - - - = - 22
Observations — high, low tactics n, 17 )
Observations — low, dismount and ‘or pop-up tactic n, - 10
Sample variance — high. low tactics s% = 0.157
Sample variance - low, dismount and ‘or pop-up tactic sg = 0.560
Paoled estimate of variance 82 = 0.535
Best estimate of standard error of difference 3w - 0.291
Student’s ¢ - 4523

Tabular € _ 95 (- g.001)
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TABLE A73
Overall Air-to-Ground Acquisition Advantages

(Moving compared with dispersed ground employment)

Observation

Employment 1j2lafjalslel7]8]9]10] Toa

Advantages
Moving 3 i | 2 - -~ - - - T
Dispersed 1 0 2 1 1 1 0 i 2 2 1
Obgervations — moving elements n, =4
Observations — dispersed elements n, - 10
Sample variance — moving elements s% = 0.688
Sample variance — dispersed elements s% = 0.190
Pooled estimate of vasiance 82 - 0.638
Best estimate of standard error f difference ?’w 0.472
Student’s 1.376
Tabular ((m 12, - 0.20) - 1.356
Tabular 12.¢ 010 1.782
TABLE A74

Overall Air-to-Ground Acquisition Advantages

{Moving compared with concentrated ground employment)

Observation

Employment 11 213} 41516171 8719110]1}12]13] Toral

Advantages

Moving 3 1 1 2 - - - = - - = -~ T
Concentrated 0 2 Q 2 0 3 1 3 1 3 1 1 2 19

Observations — moving elements n; '

Observations — concentrated elements n, 13

Sample vartance — moving elements s“‘! 0.688

Sample variance — concentrated elements 53 1.172

Pooled estimate of variance 32 1.199

Hest estimate of standard error of difference su, - 0.626

Student’s ¢ - 0161

Tabular t, 0o 60y 0.536

Fabular Ym - 450 0.70) 0.393
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TABLE A75

Overall Air-to-Ground Acquisition Advantages

(Dispersed compared with concentroted ground employment)

Observation
Employment 1 2 3415 71 8 101111127113 Total
Advantages
Dispersed 1 0 2 1 1 0 1 2 - - - 11
Concentrated 0 2 0o 2 0 1 3 3 1 1 2 9
Observations — dispersed clements n) 10
Ob.servations — concentrated elements n, - 13
Sample variance — disversed elements s% 0. 190
Sample variance — concentrated elements 3 1172
Pooled estimate of varia ce 8° 0.959
Best estimate of standar | error of difference ﬁu, - 00412
Student’s [ 0.878
Vabular t 21, ¢ 0.40) 0.830
Tabular t, e 0.30) 1.061

RAC-T-433
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TABLE A77
Overall Air-to-Ground Acquisition Advantages

(Comparison of ground elements)

Ground Total Advantages for total (0 - ER
slement smployed Observed Expected E
Tank 22 1 6.310 0.075
Jeep 34 5 9.752 2.316
Moving jeep 18 3 5.163 0.906
APC 20 9 5.736 1.857
Moving APC 19 10 5.450 3.799
Infantry 16 3 1.589 0.550
Total 129 37 37.000 9.503
2 - 923
Xm=5,e=0100 = %
2 -
Xm=5,c=005 - 11000
TABLE A78
Overall Air-to-Ground Acquisition Advantages
(Moving compared with stationary employmaent)
Total Advontages for total (0 - ER
Employment emoloved 3
ploy Observed Expected
Moving 37 13 10.612 0.537
Stationary 92 21 26.388 0.216
Total 129 37 37.000 0.753
X2 = 0.455
fm=1l,e=050 =~ U2
2
x(m =1, ¢=0,30) = 1,074
TABLE A79
Overall Air-to-Ground Acquisition Advantages
(Large compared with small ground elements)
Sine Total Advantages for total (0 - ER
employed Observed | Expected £
Large 61 26 17.496 1.133
Small 68 n 19.504 3.708
Total 129 37 37.000 7.841
x2 - 6635
m=1¢- 0,01 e
2

X(m =1, ¢=0.001) ~ 10.827
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TABLE A80
Overall Air-to-Ground Acquisition Advantages

(APCs compared with other ground elements)

Total Advantages for total (© - ER
Element emoloyed £
ploy Observed Expected
APC 39 19 11.186 5158
Others 90 18 25.814 2365
Total 129 37 37.000 7.823
x2 . eeas
(m=1, ¢=0.0}) N
2
Xm=1,¢-0.001 = 10827
TABLE A8l
Acquired Compared with Available Helicopters
(One compared with two helicopters)
Helicopters
. (0 - E)?
Acquired —_—r
Used Available
Observed Expected
1 66 56 16.063 2.14¢
2 126 78 87.937 1.123
Total 192 134 134.000 3.267
2 =
xm = 1, €= 0.10) 2.706
2 = J.
x(m = 1, ¢ = 0.05) 3.841
TABLE A82
Acquired Compared with Available Helicopters
(High compared with low tactic)
Helicopters
- 2
Toactic Acquired Lq—-EQ—
Available
Observed Expected
High 59 5% 49,923 0.333
Low 58 45 49.077 0.339
Total 117 99 99.000 0.672
x? 0.455
m=1,¢=050 =
X2 - 1.074

(m=1,¢= 0.00)

98
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TABLE A83
Acquired Compared with Available Helicopters

(High compared with low, dismount and/or pop-up tactic)

Helicopters
2
Tactic Acquired ___E__(O £
Available
Observed Expected
High 59 54 39.187 5.599
l.ow, dismount
and ‘or pop-up 75 35 19.813 4.1405
Total 131 89 89.000 10.004
x2 6.635
(m=1,¢= 0.0 6
x2 - 10.827

(m =1, ¢= 0.001)

TABLE A84
Acquired Compared with Availablo Helicopters

(Low compared with low, dismount and/or pop-up toctic)

Helicopters
- ER
Tactic Acquired '(-O—EE-)-
Available
Observed Expected
Low 58 45 34.887 2.932
L.ow, dismount
and /or pop-up 75 35 45.113 2.267
Total 133 80 80.000 5.199
x2 - 3.811
(m =1, €= 0.05) -
2
\/(m =1, ¢= 0.02) = 5.412
TABLE A85

Acquired Compared with Available Helicopters

(High, low compared with low, dismount and /or pop-up tactic)

RAC-T-433

Helicopters
, . (0-E)F
Tactic Acquired —F
Available -
Observed Expected
High, low 117 99 81.656 3.684
Low, dismount
and/or pop-up 75 35 52.344 5.748
Total 192 134 134.000 9.432
x? = 663
(m=1,¢=0,01) ) o
2
X(m=1,¢~ 0001 = 10827
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TABLE A86

Acquired Compared with Available Helicopters

(Moving compared with dispersed ground employment)

Helicopters
. 0-Ep
Employment Acquired 0-EF
Available E
Observed Expected
Moving 26 7 18.571 7.210
Dispersed 72 63 51.429 2.604
Total 98 70 70.000 9.814
x2 = 6635
m=1¢€=0,01) °~ :

2 .
X(m="1,e=0,00n = 10827

TABLE A87
Acquired Compared with Available Helicopters
{Moving pared with ated g d employment)
Helicopters
. (0-ER
Employment Acquired
Py Available ® E
Observed Expected
Moving 26 7 15.383 4.569
Concentrated 94 64 55.617 1.264
Total 120 n 71.000 5.833
x2 = 5.412
m=1,¢=002) ~
2
Xim=1,¢=001 = 6635
TABLE A88
Acquired Compared with Avoilable Helicopters
(Dispersed compared with ated ground employment)
Helicopters
Employment Availoble Acquired 0-€
Observed Expected
Dispersed 72 63 55.084 1.138
Concentrated 94 64 71.916 0.871
Total 166 127 127.000 2.009
x? - 1.642
(m=1,¢=020
2

Xim=1,¢=010 = 2706
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TABLE A89
Acquired Compared with Available Helicopters

(Moving compared with dispersed, concentrated ground employment)

Helicopters
. (0 - EP
Employment Acquired —_—
Available
Observed E xpected
Moving 26 7 18.146 6.846
Dispersed,
concentrated 166 127 115.854 1.072
Total 192 134 134.000 7.918
x? - 6635
(m =1, ¢ =0,01) = :

2
Xm=1,e=0001 < 10827

TABLE A90
Acquired Compared with Available Helicopters

(Comparison of ground elements)

Helicopters

2
Ground Acquired ﬂ'-E_E'L
element Available

Observed Expected

Tank 33 27 23.031 0.684
Jeep 50 36 34.896 0.035
Moving jeep 7 17 18.844 0.180
APC 29 19 20.240 0.076
Moving APC 29 16 20.240 0.888
Infantry 24 19 16.749 0.303
t'otal 192 134 134.000 2.166
x? - 2343
(m =5, ¢=0.80) -
2
Xm=-5,¢=0090 = 1610

101



102

TABLE AN
Acquired Compared with Available Helicopters

(Moving compared with stationary employment)

Helicopters
2
Employment Acquired 0-EF
Available E
Observed Expected
Moving 56 33 39.083 0.947
Stationary 136 101 94.917 0.390
Total 162 134 134.000 1.337
2 -
Xim=1, ¢ = 0.30) 1.074
2
Nim-1,e=020 = 1612

) TABLE A92
Acquired Compared with Available Helicopters

(Large compared with smali ground slements)

Helicopters
2
Size Acquired _(o_’.Ef.L
Availoble
Observed Expected
Iarge 91 62 63.510 0.036
Small 101 72 70.490 0.032
Total 192 134 134.000 0.068
2 - R
x(m =1, ¢~ 0.70) 0.148
x2 - 0.064

(m=1, ¢~ 0.80)

TABLE A93

Acquired Compared with Available Ground Elements

(One compared with two helicopters)

Ground eiements
. Y
Hehcopdters Acquired (Y EE)
use Available
Observed Expected

1 66 30 32.233 0.155

2 63 33 30.767 0.162

Total 129 63 33.000 0.317
x? - 0.455
(m=1,¢=050 —
2 = 0.148

Xm=1,¢=0.70)

RAC-T-433



TABLE A94
Acquired Compared with Available Ground Elements

(High compared with low tactic)

Ground elements
_ER
Tactic Acquired {9-EF
Available E
Observed Expected
High 44 21 21.205 0.002
Low 39 19 18.795 0.002
Total 82 40 10.000 0.004
X(m=1,¢=0.05 = 0.004

TABLE A95
Acquired Compared with Available Ground Elements

(High compared with low, dismount and/or pop-up tactic)

Ground elements
(0-E)?
Tactic Acquired -O—EEL
Available
Observed Expected
High 44 21 21.511 0.012
l.ow, dismount
andor pop-up 46 23 22.489 0.012
Total 90 %} 14.000 0.021
x? - 0.064
{m=1,¢=0.80) -
2
Am=1,¢=090 = 0016
TABLE A9

Acquired Compared with Available Ground Elements

(Low compared with low, dismount and /or pop-up tactic)

Ground elements
_ENR
Tactic Acquired (—Q-?EL
Availoble |
Observed Expected
f.ow 39 19 19.271 0.004
l.ow, dismount
and ‘or pop-up 16 23 22.729 0.003
Total 85 42 42.000 0.007
2
Xim=1,¢=090 = 0016
2
Xm=1,e¢=0095 .= 0004

RAC-T-433
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TABLE A97
Acquired Compared with Available Ground Elements

(High, low compared with low, dismou .t ond/or pop-up tactic)

Ground elements
-E)?
Tactic Available Acquired lO__E__L
Observed Expected
”igh, low 83 10 10.535 0.007
f.ow, dismount
and or pop-up 16 23 22,165 0.013
Total 129 63 63.000 0.020
2
Xim= 1, ¢ 0.80) 0.061
2 0.016

Nim- 1, ¢+ 0 90)

TABLE A98
Acquired Compared with Avoilable Ground Elements

(Moving compared with dispersed ground employment)

Ground elements
)
Employment Available Acquired LO—E—EL
Observed Expected
Moving 17 8 8.892 0.090
Dispersed 18 26 25.108 0.032
Total 65 31 31.000 0.122
2
Xim- 1, - 0.79) = 0118
2
Xom=1,¢ - 080 - 006
TABLE A%9

Acquired Compared with Available Ground Elements

(Moving compared with concentrated ground employment)

Ground elements
0-E7
Employment Available Acquired L——E-—)'
Observed Expected
Moving 17 8 7.765 0.007
Concentrated 64 29 29.235 0.002
Total 81 37 37.000 0.009
x? - 0.016
Tm =1, ¢ = 0.90) o
2
Xim=1,¢- 0935 = 0.004
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TABLE A100
Acquired Compared with Available Ground Elements

(Dispersed compared with concentrated ground employment)

Ground elements
. (0-EP
Employment Acquired
Available E
Observed Expected
Dispersed 18 26 23.572 0.250
Concentrated o1 29 31.428 0.188
Total 112 53 55.000 0.138
2 -
Nim - 1, ¢ 0.50) 0.435
2
Nim - Le- 0.70) 0.118

TABLE A10)
Acquired Compared with Available Ground Elements

(Moving compared with dispersed, concentrated ground employment)

Ground elements
(0-E)?
Employment Acquired ——
Available E
Observed Expected
Moving 17 ] 8.302 0.011
Dispersed,
concentrated 112 55 54.698 0.002
Total 129 63 63.000 0.013
x2 0.016
m - 1,¢- 090 :
2 - 0.00

Xim =1, ¢= 0.95)

TABLE A102
Acquired Compared with Available Ground Elements

{Comparison of ground elements)

Ground elements

Acquired -—-E——(o -ER
Type Available
Observed Expected
Tank 22 19 10.7 44 6.311
Jeep 34 10 16.605 2.627
Moving jeep 18 5 8.79] 1.635
APC 20 10 9.767 0.006
Moving APC 19 13 9.279 1.492
Infantry 16 6 T.84 0.121
Total 129 63 63.000 12.525
2
Xim =5 ¢=005 11.070

2

Xim = 5, c= 0,02 = 13.388

RAC-T-433
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TABLE A103
Acquired Compared with Avoilable Ground Elements

(Moving compared with stationary employment)

Ground elements
. (0-E?
Employment Acquired —_—
Available E
Observed Expected
Moving 7 8 18.070 0.001
Stationary 92 15 11.930 0.000
Total 129 63 63.000 0.001
X2 -~ 0.001
(m =1, ¢- 0.98) *
TABLE A104

Acquired Compared with Available Ground Elements

(Lorge compared with small ground elements)

Ground elements
Size Acquired '('Q-LEE)'Z-
Available
Observed Expected
large 61 12 29.791 5.001
Small 68 21 33.209 1.180
Total 129 6 63.000 9.193
2 0
Nim - 1,¢ - 0.0D 6.635
9
Xy, 10.827

(m - 1,¢ - 000D

TABLE A105
Acquired Compored with Available Ground Elements

(Tanks compared with othar ground elements)

Ground elements

-E)?
Element Acquired LQ-E-—)-
Available
Observed Expected
Tank 22 19 10.714 6.311
Others 107 B 52.256 1.30%
Total 129 63 63.000 7.618
x2 6.635
(m=1,¢- 0.0 7.0
2

Xtm -1, ¢~ 0.00n ~ 10827
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TABLE Al07

One-Sided Grou.d-to-Air Acquisition Advantages When Dispersed,
Concentrated Ground Employment Was Utilized

(One compared with two helicopters)

Observation
Helicopters ‘
vsed V1 2137145617181 91011 ]12] Total
Advontages
1 + 7T 4 3 3 3 7. 11 2 3 5 4 5%
2 3 1 8 11 9 3 8 5 0 2 8 — 68
Observations — one helicopter n = 12
Observations — two helicopters n, = 11
Sample variance — one helicopter s% = 5.889
Sample variance — two helicopters sg = 12.876
Pooled cstimate of variance 52 = 10.110
Best estimate of standard error of difference 3w = 1.328
Student’s ¢ = 1.141
Tabular Lm = 21, ¢ = 0.30) = 1.063
Tabular 1, o) (- 0.20) = 1.323
TABLE A108

One-Sided Ground-to-Air Acquisition Advontages When Dispersed,
Concentrated Ground Employment Was Utilized

(High compared with low tactic)

Observation

Tactic 112 3|1 4] 51617 |81f 9]|Total
Advontages
High 4 1 7 3 9 11 2 8 5 60
Low 3 8 11 ] 3 3 I — 39
Observations — high tactic n; = 9
Observations — low tactic n, = 7
Sample variance — high tactic s% = 10.000
Sample variance — low tactic s% - 8.531
Pooled estimate of variance 57 = 10.694
Best estimate of standard error of difference sw = 1.648
Student’s ¢ = 0,665
Tabular l(m - 14, € ~ 0.50) = 0.692
Tabular t - 0.537

(m = 14, ¢ = 0.60)
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TABLE A109

One-Sided Ground-to-Air Acquisition Advantages When Dispersed,
Concentrated Ground Employment Was Utilized

(High compared with low, dismount and/or pop-up)

Observation
Tactic T{213] 415|678/ 9] Total
Advantages
High 4 1N 7 3 9 11 2 8 5 60
l.ow, dismount
and‘orpopuyp 3 8 5 0 3 2 4 — — 25
Observations — high tactic ny = 9
Observations — low, dismount and or pop-up 1y = 7
Sample variance — high tactic s% = 10.000
Sample variance — low, dismount and or pop-up s% - 5.389
Pooled estimate of variance 82 = 9.123
Best estimate of standard error of difference 3, - 1.522
Student’s ¢ = 2.033
Tabular Um = 14, ¢ = 0.10) = 1.761
Tabular t,, _ 14, ¢ - 0.05) R
TABLE A110

One-Sided Ground-to-Air Acquisition Advantages When Dispersed,
Concentrated Ground Employment Was Utilized

(Low compared with low, dismount and/or pop up tactic)

Observation
Toctic 112131 4)]5]16] 7] Total
Advantages
f.ow 3 811 4 3 3 7 39
l.ow, dismount and orpopup 3 8 5 O 3 2 4 25
Observations — low tactic n; =7
Observations — low, dismount and ‘or pop-up tactic ny = 7
Sample variance ~ low tactic s% = 8.531
Sample variance - low, dismount and ‘or pop-uptactic S§ = 5.389
Pooled estimate of variance 52 = 8.119
Best estimate of standard error of difference Sw = 1.523
Student’s t = 1313
Tabular 1 _ 13, - 0.30) = 1.083
Tabular t 0 _ 15 - ¢ 20) = 1.356

109




TABLE AN

One-Sided Ground-to-Air Acquisition Advantages When Dispersed,
Concentrated Ground Employment Was Utilized

(High, low compared with low, dismount and/or pop-up tactic)

Observation

Tactic 11 231415617 (18] 9]10{11]12}13] 14} 15]16] Total -
Advantages
High, low 3 3 11 8 7 11 1 3 3 9 3 7 N 2 8 5 99

low, dismount
and/orpopup 3 8 5 0 3

2 4 - - == = - e = - 25

Observations — high, low tactics n, = 16

Observations — low, dismount and ‘or pop-up tactic n, -7

Sample variance — high, low tactics s% - 9.652
Sample variance — low, dismount and or pop-up tactic s% = 5.388
Pooled estimate of variance 82 = 9,150
Best estimate of standard error of difference Gw = 1371
Student’s = 1.908
Tabular Um = 21, € = 0.10) = 1,721
Tabular Um = 21, ¢ = 6.05) = 2.080

TABLE A112

One-Sided Air-to-Ground Acquisition Adventages When Dispersed,
Concentrated Ground Employment Was Utilized

{One compared with two helicopters)

Observation
i t
Helicopters |\ 1 ol 3 a|s]e| 7|8 ]|9]w0]|n]n]To
used
Advantages
1 0 1 0 1 2 0 0O 0 1 0 2 7
2 0 1 1 0 2 1 1 3 3 | R— 13
Observations — one helicopter 1, = 12
Observations ~ two helicopters n, = 11
Sample variance — one helicopter S% = 0.576
Sample variance — two helicopters 5% - 1.058
Pooled estimate of variance &2 = 0.883
Best estimate of standard error of difference Gw = 0.392
Student’s = 1525
Tabular t(m - 21, ¢ = 0.20) = 1.323
Tabular Um = 21, ¢ = 0.10) = 1721
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TABLE

A113

o

One-Sided Air-to-Ground Acquisition Advantages When Dispersed,
Concentroted Ground Employment Was Utilized
(High compored with low tactic)

Observation

Tactic 1121314151678 9] Total
Advontages
High 0 1 1 1 0 0 0 1 0 4
low 0 1 0 0 2 0 0 - — 3
Observations — high tactic n; =9
Observations — low tactic n, =7
Sample variance — high tactic s% = 0.247
Sample variance — low tactic s% = 0.53)
Pooled estimate of variance 82 = 0.424
Best estimate of standard error of difference ﬁu, = 0.328
Student’s t = 0.048
Tabular t,, 4~ 0.90) < 0.128

TABLE All4

One-Sided Air-to-Ground Acquisition Advantages When Dispersed,
Concentrated Ground Employment Was Utilized

(High compared with low, dismount and /or pop-up)

Observation
Tactic Vi 2131451617 8] 9] Total
Advontages
High 0 1 1 1 0 0 0 1 0 4
lL.ow, dismount
and ‘or pop-up 2 1 1 3 1 3 2 - - 13
Observations — high tactic n, =9
Observations ~ low, dismount and ‘or pop-up n, =7
Sample variance - high tactic S% = 0.247
Sample variance — low, dismount and or pop-up s% ~ 0.695
Pooled estimate of variance &2 0.506
Best estimate of standard eror of difference &, - 0.358
Student’s t = 398
Tabular ¢, 14, ¢ = 0.05) = 2,977
Tabular t = 4140

(m =14, ¢ = 0.02)
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TABLE AN5

One-Sided Air-to-Ground Acquisition Advantages When Dispersed,
Concentroted Ground Employment Was Utilized

(Low zompared with low, dismount and/or pop-up tactic)

Observation
Tactic 112131415 6 { 7 | Total
Advantages
Low 0 1 0 0 2 0 0 3
Low, dismount and ‘or popup 2 1 1 3 1 3 ) 13
Observations — low tactic ) = 7

Observations — low, dismount and or pop-up tactic ng - 7

Sample variance — low tactic 52l - 0.531
Sample variance — low, dismount and or pop-uptactic sg = 0.695
Pooled estimate of variance 82 - 0.715
Best estimate of standard error of difference ?1“, - 0,452
Student’s t 3.161
Fabular Cim- 12, ¢- 0.10) : 3,055
I'abular Lim - 19, ¢ 0.05) - R348
TABLE Al6

One-Sided Air-to-Ground Acquisition Advantages When Dispersed,
Concentrated Ground Employment Was Utilized

(High, low compared with low, dismount and or pop-up tactic)

Observation
Tactic 1 213 14|56 17 18] 9110]M}12113114]15]16] Tota
Advontages
High, low 0 0 1 1 1 0 0 1 2 0 0 0 0 0 i 0 T
L.ow, dismount
and ‘or pop-up 2 1 1 3 1 3 2 e - = - e e e e - 13
Observations — high, low tactics n, = 16
Observations — low, dismount and or pop-up tactic n, = 7
Sample variance — high, low tactics s% - 0371
; iane - di e s2 -
Sample variance — low, dismount and or pop-up tactic 53 0.695
Pooled estimate of variance &2 - 05114
Best estimate of standard error of difference aw - 0.3
Student’s - 4.368
Tabular Um - 21, ¢~ 0001) - 3.819
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TABLE Al18

Ground-to-Air Interocquisition Advantages When Dispersed,
Concentrated Ground Employment Was Utilized

(One compared with two helicoprers)

Observation

Helicopters

11213 4{5 61718189

10 ! 1N 1121 Totdl

used
Advontages
1 1 2 2 1 22 2 | 0 0 20 15
2 3 1 0 2 2 1 0 2 0 0 1 — 2
Observations — one helicopter ny 12
Observations — two helicopters n, 11
Sample variance — one helicopter ~'!2 0.688
Sample variance — two helicopters \g 0.992
Puoled estimate of variance 62 0.912
Best estimate of standard error of difference 5u_ - 0.399
Student’s 0.399
oy , a9
Tabular Um - 21 ¢ 0.60) 0.532
l"abular U - 0.391

2}, ¢ - 0.70)

TABLE Al19

Ground-to-Air Interacquisition Advantages When Dispersed,
Concentrated Ground Employment Was Utilized

(High compared with low tactic)

Observation
Tactic 1121341511617 9 | Total
Advantages
High 1 } 2 § 2 1 0 2 11
l.ow 3 0 2 2 2 2 2 - - 13
Observations — high tactic n, 9
Observations — low tactic n, N
Sample variance - high tactic s% - 0.395
Sample variance ~ low tactic sg = 0.691
Pooled estimate of variance o2 = 0.601
Best estimate of standard eiror of difference {'\w = 0.391
Student’s 1.626
Tabular Ym- 14 ¢ 0.20) 1.315
Tabular l(m - 14 - 0.10) 1.761
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TABLE A120

Ground-to-Air Interacquisition Advantages When Dispersed,
Concentrated Ground Employment Was Utilized

(High compured with low, dismount and/er pop-up)

Observation

Tactic Y1 2131415161781 9] Total
Advantages
High 1 1 2 1 2 1 0 1 2 1
Low, dismount
and orpopup 1 O 2 0 0O 0 0 — — 3
Observations — high tactic n, = 9
Observations — low, dismount and ‘or pop-up tactic n, = 7
Sanmple variance — high tactic s% ~ 0.395
Sample variance — low, dismount and or pop-up tactic sg = 0.531
Pooled estimate of variance &2 ~ 0.519
Best estimate of standard error of difference ﬁw 0.363
Student’s - 2,185
Tabular Ym =14, ¢ 0.0% = 2,115
Tabular t 14, ¢ - 0.02) = 2.62%

TABLE A12}

Ground-to-Air Interacquisition Advantages When Dispersed,
Concentrated Ground Employment Was Utilized

(Low compared with low, dismount and/or pop-up tactic)

Observation
Tactic 1]12]31415 6] 7] Total
Advantages
Low 3 o 2 2 2 2 2 13
l.ow, dismount and orpop-up 1 0 2 0 0 0 O 3
Observations — low tactic n, =7
Observations — low, dismount and or pop-up tactic ny = 7
Sample variance — low tactic S% = 0.694
. . L2
Sample variance — low, filsmoun_t and or pop-uptactic s5 = 0.531
Pooled estimate of variance 82 = 0714
Best estimate of standard error of difference Gw = 0.452
Student’s t = 3.162
Tabulac t . 1a . 901 - 3.055
Tabulur Um - 12, ¢ - 4318

- 0.001)
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TABLE A122

Ground-to-Air Interacquisition Advantages When Dispersed,
Concentrated Ground Employment Was Utilized

(High, low compared with low, dismount and. or pop-up tactic)

e

L

Observation

Tactic 11213 (4151617189110 1]12]13[14]15]16] Total
Advantages
High, low 1 3 1 0 2 2 2 1 2 2 2 2 1 0 1 2 21
Low, dismount
and/orpopup 1 0 2 0 0 0 0 — — — = = — - - - %
Observations — high, low tactics n, 16
Observations —~ low, dismount and ‘or pop-up tactic n, T
Sample variance — high, low tactics s% 0.625
Sample variance —~ low, dismount and ‘or pop-up tactic sg - 0.531
Pooled estimate of variance 82 = 0.633
Best estimate of standard error of difference 3w 0.366
Student’s t 2.925
Tabular tm =21, ¢=0.01) = 2.83)
Tabular tm < 21, ¢ = 0.001) = 3.819
TABLE A123
Air-to-Ground Interocquisition Advontages When Dispersed,
Concentrated Ground Employment Was Utilized
(One compared with two helicopters)
Observation
Helicopters |y T2t sl afs]e| 78] o|r0fn]mn]rm
v
Advantages
1 1 6 o0 o 0 o o i 0 1 0 3
2 1 0 1 2 0 1 2 [} 0 0 — T
Observations — one helicopter n, - 12
Observations — two helicopters n, - n
Sample variance — one helicopter s% - 0.188
Sumple variance — two helicopters sg - 0.595
Pooled estimate of variance 52 0.419
Best estimate of standard error of difference Gw - 0.270
Student’s t - L1330
Tabular Um = 21, ¢ - 0.20) = 1323
Tabular tm = 20, ¢ - 0.10) B |
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TABLE A124

Air-to-Ground Interacquisition Advantages When Dispersed,
Concentrated Ground Employment Was Utilized
(High compared with low tactic)

Observation
Tactic 1121 3] 4]5]6171] 8] 9/]Total
Advantages
High 1 1 0 0 2 0 1 0 1 6
Low 0 0 1 0 0 0 0 - - 1
Observations — high tactic n, =9
Observations -- low tactic ny =7
Sample variance — high tactic s% = 0.444
Sample variance — low tactic sg = 0.122
Pooled estimate of variance 82 = 0.347
Best estimate of standard error of difference Gw = 0.297
Student’s ¢ = 1.765
Tabular '(m = 14, ¢ = 0.10) = 1.761
Tabular Um = 14, € = 0.05) = 2.145

TABLE A125

Air-to-Ground Interacquisition Advantages When Dispersed,
Concentrated Ground Employment Was Utilized
(High compared with low, dismount and/or pop-up)

Observation
Tactic 11213 |4|5|6|7]8] 9] Total
Advantages
High 1 1.0 0o 2 0 1 0 1 6
Low, dismount
and/orpopwp O 1 2 O 0 0 0 — -~ 3
Observations - high tactic n; =9
Observations — low, dismount and ‘or pop-up tactic n, =17
Sample variance ~ high tactic s% = 0.444
Sample variance ~ low, dismount and ‘or pop-up tactic sg = 0.531
Pooled estimate of variance 62 = 0.551
Best estimate of standard error of difference Gw = 0.374
Student’s ¢ = 0.637
Tabular t, _ 14, ¢ = 0.50) = 0.692
= 0.537

Tabular t, _ 14 ¢ - 0.60)
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TABLE A126

Air-to-Ground Interacquisition Advantages When Dispersed,
Concentrated Ground Employment Wag Utilized

{Low compared with low, dismount and/or pop-up tactic)

Observation
Tactic 11213141 5] 6| 7] Tetel
Advantages
Low 0 0 1 0 0 0 o 1
l.ow, dismount and/orpopup 0 1 2 0 0 0O O

Observations — low tactic 1} =7
Observations — low, dismount and/or pop-up tacticn, = 7
Sample variance — low tactic s"; = 0,122

Sample variance — low, dismount ar 1 or pop-up tactic s% = 0.531

Pooled estimate of variance #° = 0.381

Best estimate of standard error of difference 9w = 0.330

Student’s ¢ = 0.866

Tabular t, 13, ¢ - 0.50) = 0.6%

Tabular Lim = 12, ¢ = 0.40) = 0.873
TABLE A127

Air-to-Ground Interacquisition Advontages When Dispersed,
Concentrated Ground Employment Was Urilized

(High, low compared with low, dismount and/or pop-up tactic)

Observation
Toctic 11 213145167 |8]9]WiNnN]j12113[114}15] 1] Total
Advantages
High, low 1 o 1. o0 0 1 O O O 2 0 O O 1 o0 1 7
Low, dismount
andorpopup 0 1 2 0 0 0 0 — —~— — —~ - - —_- - - 3
Observations — high, low tactics n, = 16
Observations — low, dismount and ‘or pop-up tactic n, = 7
Sample variance — high, low tactics s% = 0.371
Sample variance — low, dismount and ‘or pop-up tactic s% = 0.531
Pooled estimate of variance §2 = 0.460
Best estimate of standard error of difference aw = 0307
Student’s t = 0,959
Tabular t(m =21, ¢ - 0.40) = 0.859
Tabular t, = 1.063

m=21,¢-0.30)
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TABLE A129

Overall Ground-to-Air Acquisition Advantages When Dispersed,
Concentrated Ground Employment Was Utilized

{One compared with two helicopters)

Observation
Holicopters 1y 1 2l sl als]el7]a|9fw0]n]2]Tor
used
Advantages
5 9 6 4 5 9 12 2 3 7 4 T
2 6 12 8 13 1 4 8 7 0 2 9 — 80
Observations - one helicopter n = 12
Observations — two helicopters n, = 11
Sample variance — one helicopter s% = 7.576
Sample variance — two helicopters Sg = 15.108
Pooled estimate of variance 82 = 12.238
Best estimate of standard error of difference ?’w = 1.160
Student’s t = 0929
Tabular '{m - 21, ¢ - 0.40) - 0.859
Tabular t,, _ 9y, (. 0.30) = 1063
TABLE A130

Overall Ground-to-Air Acquisition Advantages When Dispersed,
Concentrated Ground Employment Was Utilized

(High compared with low tactic)

Observation
Tactic 1] 213 |4]5]6]7]8)] 9] Total
Advantages
High 5 12 9 4 11 12 2 9 7 ]
Low 6 8 13 6 5 5 9 - - 52
Observations — high tactic n, -9
Observations — low tactic ny = 7
Sample variance — high tactic s% = 11.653
Sample variance — low tactic sg = 7.102
Pooled estimate of variance 52 = 11,042
Best estimate of standard error of difference 3w = 1.675
Student’s ¢ = 0275
Tabular !(m - 14, €= 0.70) = 0.393
Tabular Um = 14, € ~ 0.80) = 0.258
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TABLE A1

Overall Ground-to-Air Acquisition Adventages When Dispersed,
Concentrated Ground Employment Was Utilized

(High compared with low, dismount and/or pop-up tactic)

Observation

Tactic 1 2| 3{4fj516|7]8] 9] Total
Advantages
High 5 12 9 4 11 12, 2 9 7 71
1.ow, dismount
and orpopup 4 8 7 0 3 2 4 — — 28
Observations — high tactic n, = 0

Observations — low, dismount and.'or pop-up tactic n, =

Sample variance - high tact'c s% = 11.653
Sample variance — low, dismount and ‘or pop-up tactic s% = 6.571
Pooled estimate of variance 52 = 10.777
Best estimate of standard error of difference Gw = 1.654
Student’s ¢ = 2.352
Tabular Lom = 14, ¢ = 0.05) = 2145
Tabular £, _ 14, - 0.02) = 2.624
TABLE A132

Overall Ground-to-Air Acquisition Advontages When Dispersed,
Concentrated Ground Employment Was Utilized

(Low compared with low, dismount and/or pop-up tactic)

Observation
Toctic 1121314} 5161 7] Totol
Advantages
Low 6 8 13 6 5 5 9 52
low, dismount and ‘orpop-wp 4 8 7 0 3 2 4 28

-3

Observations — low tactic ny =

Observations — low, dismount and - or pop-up tactic ny -

Sample variance — low tactic s% = 7.102

Sample variance — low, dismount and /or pop-up tactic s% = 6.571

Pooled estimate of variance 82 = 1.976
Best estimate of standard error of difference 3w = 1.509
Student’s = 2.271
Tabular tm < 12, € = 0.05) = 2,179
Tabular Um = 12, € = 0.02) : = 2.681
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TABLE A133

Overall Ground-to-Air Acquisition Adventages When Dispersed,

Concentrated Ground Employment Was Utilized

(High, low compared with low, dismount and/or pop-up tactic)

Observation
Tactic 11213141516 1718 5911011112113 /[14]15] 16] Total
Advantages
High, low 5 6 12 8 9 13 ¢ 4 5 11 5 9 12 2 9 7 123
Low, dismount
and/orpopup 4 8 7 0 3 2 4 — —~ — — - — = - - 28
Observations — high, low tactics n; = 16
Observations — low, dismount and ‘or pop-up tactic n, = 7
Sample variance - high, low tactics s% - 9.715
Sample variance — low, dismount and ‘or pop-up tactic s% = 6.571
Pooled estimate of variance 32 = 9.502
Best estimate of standard error of difference 8w = 1.404
Student’s t = 2.627
Tabular Lm = 21, € = 0.02) = 2.518
Tabular Lm = 21, ¢ = 0.01) = 2.831
TABLE Al34
Overall Air-to-Ground Acquisition Advantages When Dispersed,
Concentrated Ground Employment Was Utilized
(One compared with two halicopters)
Observation
Helicopters |\ 4 ol afa|s|s]7]e]|9o}rw|n]]rod
used
Advantages
1 1 1 0 1 2 0 0 0 1 1 1 2 10
2 0 1 1 2 2 2 3 1 - 20
QObservations — one helicopter n, = 12
Observations — two helicopters n, = 11
Sample variance — one helicopter s"; = 0.472
Sample variance — two helicopters sg = 0.876
Porled estimate of variance 32 = 0.729
Best estimate of standard error of difference 3w = 0.356
Student’s ¢ = 2,764
Tabular !(m = 2, ¢ = 0.02) = 2518
Tabular t, _ 51, ¢ - 0.01) = 2.83l
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TABLE A137

Overall Air-to-Ground Acquisition Advantages When Dispersed,
Concentroted Ground Employment Was Utilized

{Low compared with low, dismount and/or pop-up tactic)

Observation

Toctic 2131415 6] 7] Total
Advantages

Low | 0 2 0 0 ]

lL.ow, dismount and or pop-up 2 3.3 1 3 2 16
Observations — low tactic n, -7
Observations — low, dismount and or pop-up tacicny - 7
Sample variance — low tactic s% 0.531
Sample variance — low, dismount and or pop-uptactic s - 0,490
Pooled estimate of variunce &7 0.595
Best estimate of standard error of difference hw 0.112
Student’s 1157
Tabular m = 12, ¢ = 0.01) - 3.055
Tabular t 1.318

(m~- 12, ¢~ 0.001)

TABLE A138

Overall Air-to-Ground Acquisition Advantages When Dispersed,
Concentrated Ground Employment Was Utilized

(High, low compared with low, dismount and/or pop-up tactic)

Observation
Tactic 1213145678910 ]12]113]14]15{16] Total
Advantages
High, low 1 0 2 i 1 1 0 1 2 2 0 0 0 1 1 1 14
Low, dismount
and/orpopup 2 2 3 3 1 3 2 — - - — - - - — - 16
Observations — high, low tactics n - 16
Observations — low, dismount and or pop-up tactic n, T
Sample variance — high, low tactics s% - 0.181
Sample variance — low, dismount and ‘or pop-up tactic sg 0.190
Pooled estimate of variance §2 0.532
Best estinie of standard error of difference ﬁu, 0.331
Student’s - R267
- 3.819
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TABLE A139

One-Sided Ground-to-Air Acquisition Advantages When Low,
Dismount and/or Pop-Up Tactic Wos Utilized

{Moving compared with concentrated ground employmaent)

Observation

Employment 1121314715 6] 7] Total
Advantages
. Moving 0 2 0 - - - — 2
Concentrated 3 8 5 0 3 2 { 25
Observations — moving elements -3

Observations — concentrated elements ny v

Sample variance — moving elements S% - 0.889
Sample variance — concentrated elements s3 5.388
Pooled estir.ate of variance 52 - 5,048
Best estimate of standard error of difference 3w - 1.550
Student's t - 1.874
Tabular Lm -8, ¢-0.10) = 1.860
Tabular Um 8, ¢~ 0.05) - 2.306
TABLE A140

Ground-to-Air Interacquisition Advantages When Low,
Dismount and/or Pop-Up Tactic Wos Utilized

(Moving compared with concentrated ground employment)

Observation
Employment 11213 4]5] 6] 7] Totdl
Advantoges
Moving 0 0 0 — — - — 0
Concentrated 1 0 2 0 o 0 0 3
Observations — moving elements 0 = 3
Observations - concentrated elements 1, -7
Sample variance ~ moving clements szl =0
Sample variance — concentrated elements sg = 0.531
Pooled estimate of variance 82 - 0.413
Best estimate of standard error of difference & w - 0.4
Student’s = 0.966
Tabular t(m = B¢~ 0.40) - 0.889
Tabular Ym -8, ¢~ 0.30) - 1.108
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TABLE Al41

Overall Ground-to-Air Acquisition Advantages When Low,
Dismount and/or Pop-Up Tactic Was Utilized

{Moving compared with concantrated ground employment)

TABLE A142

Observation
Employment 112131 4] 5| 6] 7] Total
Advantages
Moving 0 2 0 — — — - 2
Concentrated 4 8 7 0 3 2 4 28
Observations — moving elements n,; =3
Observations — concentrated elements ny = 7
Sample variance — moving elements s% = 0.889
Sample variance — concentrated elements s% = 6.571
Pooled estimate of variance 52 = 6.083
Best estimate of standerd error of difference &, = 1.702
Student’s t = 1,959
Tabular tm =8, €= 0.10) = 1.860
Tabular t, _ g - 0,05 = 2.306

One-Sided Air-to-Ground Acquisition Advontoges When Low,

Dismount and/or Pop-Up Toctic Was Utilized

(Moving compered with concentrated ground employment)

Observation
Employment 112131 415)] 61 7] Total
Advantoges
Moving 2 1 2 = = - = 5
Concentrated 2 1 1 3 1 3 2 13
Observations — moving elements n, =3
Observations — concentrated elements n, = 7
Sample variance — moving elements s% = 0.222
Sample variance — concentrated elements s% = 0.694
Pooled estimate of variance &2 = 0.691
Best estimate of standard error of difference 3w = 0.573
Student’s ¢ = 0.332
Tabular t(m =8, ¢ = 0.70) = 0.399
Tabular Ym = 8, ¢ = 0.80) = 0.262
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TABLE A143

Air-to-Ground Interocqiisition Advantages When Low,
Dismount and/or Pop-Up Tactic Wos Utilized

(Moving compared with concentrated ground employment)

Observation
Employment 11213 14]5]6] 7] Tatal
Advantoges
Moving 1 0 0 -~ = — — 1
Concentrated 01 2 o0 o0 0 O 3
Observations — moving elements =3
Observations — concentrated elements n, =7
Sample variance - moving elements sf = 0.222
Sample variance — concentrated elements s% = 0.531
Pooled estimate of variance 32 = 0.548
Best estimate of standard error of difference 3 = 0.511
Student’s ¢ = 0.186
Tabular Ym =8, ¢~ 0.80) = 0.262
Tabular t, _ g ¢ 0.90) = 0.130

TABLE Al44

Overall Air-to-Ground Acquisition Advontages When Low,
Dismount ond/or Pop-Up Tactic Was Utilized

(Moving compared with concemrated ground employment)

Observation
Employment 11213 4]5]6] 7] Totel
Advontoges
Moving 31 2 = - - - 6
Concentrated 2 2 3 3 1 3 2 16
Observations — moving elements n, =3
Observations — conc =ntrated elements n, =7
Sample variance — moving elements s% = 0.667
Sample variance — concentrated elements s% = 0.490
Pooled estimate of variance 52 = 0.679
Best estimate of standard error of difference 3, = 0.568
Student’s ¢ = 0.503
Tabular t,,, _ g, ¢ = 0.60) = 0.546
Tabular '(m =8, ¢=0.70) = 0.399
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TABLE Al47
Helicopter Mission Times, Minutes

(High compored with low tactic)

Obsarvation
Tactic 1121374156117 18/{ 9] Total
Time, min
High 9 13 11 1 6 14 15 7 6 92
Low 24 13 30 11 10 33 21 32 — 174
Observations ~ high tactic n, = 9
Observations ~ low tactic ny = 8
, . N S
Sample variance - high tactic s} = 11.167
Sample variance - low tactic s% = 79.438
Pooled estimate of variance 32 = 49.067
Best estimate of standard error of difference Gw = 3.404
Student’s t = 3.355
Tabular ¢, _ 15 . 0.01) - 2947
Tabular t,, . 15 ¢ . 0.001) - 4073

TABLE Al48

Helicopter Mission Times, Minutes
(High compared with low, dismount ond/or pop-up tactic)

Observation

Tactic 1121314851617 ]8Ff 9]10] Total
Time, min

High 9 13 11 1 6 14 15 7 6 — 92

Low, dismount
and/cr pop-up 8 10 54 42 15 19 68 38 62 42 358

Observations — high tactic n; = 9

Observations — low, dismount and/or pop-up tactic n, = 10

Sample variance — high tactic s% = 11.167
Sample variance — low, dismount and/or pop-up tactic s% = 428.960
Pooled estimate of variance 32 = 258.241
Best estimate of standard error of difference aw = 7.388
Student’s ¢ = 3.447
Tabular Lm = 17, € = 0.01) = 2.898
Tabuler t(,, _ 17, ¢ . 0.001) = 3.965
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TABLE A149
Helicopter Mission Time, Minutes

(Low compared with low, dismount 2 < /~¢ pop-up tactic)

Observation

Tactic 112131 4)5161]7181 91107} Total
Time, min
Low 24 13 3 11 10 33 21 32 — —~— 174
Low, dismount
and/orpop-up 8 10 54 42 15 19 68 38 62 42 358

Observations — low tactic n; = 8
Obs.rvations — low, dismount and/or pop-up tactic n, = 10
Sample variance — low tactic s% = 79.438
Sample variance — low, dismount and /or pop-up tactic sg = 428.960
Pooled estimate of variance 52 = 307.819
Best estimate of standard error of difference 3w = 8.322
Student’s ¢ = 1.688
Tabular tm = 16, € = 0.20) = 1.337
Tabular t, _ 1., = 0.10) = 176
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Appendix B
ANALYSIS OF FILM DATA

Statistical Techniques Employed

Survivability Analysis

Weighted Acquisition Analysis

Tables
Bl1-B5,

B6-~B10,
Bl11-~B12.

B13-~B17.
B18-B19,

B20-B21.
B22-~B23.

B24--B25.

RAC-T-433

Mean Survival Probabilities for One Compared with
Two Helicopters

Mean Survival Probabilities for Various Tactics
Mean Survival Probabilities for Various Tactics

and Helicopters

Mean Survival Probabilities for Various Employments
Mean Weighted Fraction Acquired for One Compared
with Two Helicopters

Mean Weighted Fraction Acquired for Various Tactics
Mean Weighted Fraction Acquired for Various Tactics
and Helicopters

Mean Weighted Fraction Acquired for Various
Employments

134

136

148

136
138

142
143

148
148

149

150
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STATISTICAL TECHNIQUES EMPLOYED

Statistical tests were used to test the null hypothesis that the means of
the samples examined came from the same population, and acceptance or re-
jection of the hypothesis was based on a 5 percent level of significance. In
cases where only two means were compared, the standard Student’s test’ was
used assuming that the variances are not necessarily equal. When comparisons
of more than two means were required, a technique developed by Clyde Kramer®
to test means with unequal numbers of replications was employed.

Comparison of Two Normal Populations’

Assume o3 4 3. When this situation prevails, i.e., when one is unwilling
to assume that the variances are equal, a reasonably good approximate proce-
dure such a3 is indicated below is followed. Compute

t" = (‘l - Xz),/v(sl/N’ + 52/N2)

and reject
Hy: i] = Xy
if
U7> (wyty + woly)/(w, + wy) = Tabulurt

where w, - si/N,
2
w2 = 52/N2
ho=ta-wan -

f2 =t~ 2Ny - 1)
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Extension of Multiple-Range Tests to Group Means with Unequal Numbers
of Replications

In many fields of research one is faced with the task of comparing the ef-
fects of treatments that have been replicated unequally. Several writers have
developed multiple-range tesis to show differences among treatments that have
been replicated the same number of times when nothing was specified concern-
ing the treatments. The following Kramer method is an extension of Duncan’s
Multiple~-Range and Multiple F Tests published in Biometrics, November 1955.°

In Duncan’s test the difference between any two ranked means is signifi-
cant if the difference exceeds a shortest significant range. This shortest sig-
nificant range R, is obtained by multiplying the standard error of a mean $;
by a given value z;,, tabulated by Duncan for the 5-percent and 1-percent
tests of significant studentized ranges. In Duncan’s terminology, n, is the de-

gree of freedom of the error mean squareandp - 1, 2, ..., t, where ¢ is the
number of means ‘concerned.
If Xl, X,, ..., X‘, are basedon N, No, . .., N replications, then
2 Q2
S'»Z. - 8¢/ Ni‘

Now for X; - X; to be significant, X; - X; should exceed

V2 am s N st <z,

So

X, %> VI2am, « 1INy 52 x o N

and

(Ri- X)) V2N, N;/N;+N; > S2p N,

indicating that for group means based on unequal numbers a table of factors
Ry = sz PN,
making this test in each individual case.

This extension to unequal numbers of replications will be a conservative
test. Evaluation of specified significance and prediction levels would be ex-
tremely difficult and impracticable. If the number of replications differs greatly,
there will be an increased probability of a significant difference within a subset
of rank means classified as homogeneous by this test.

, where s? is the mean square for error, should be set up in actually
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SURVIVABILITY ANALYSIS

One Compared with Two Helicopters

TABLE B1
Mean Survival Probabilities for One Compared with
Two Helicopters When Conditional Kill
Probability 1s 0.2

Helicopters
Consideration
1 2

Runs N 14 13
Variance s2 0.126 0.153
Weight factor w 0.00900 0.01180
Mean survivability X 0.402 0.483

Calculated t’ = 0.563

‘Tabular t = 2,171

“ not significant at 5% level

TABLE B2
Meon Survival Probobilities for One Compared with

Two Helicopters When Conditionol Kill
Probability 1s 0.4

Helicopters
Consideration
1 2
Runs N 14 13
Variance s2 0.127 0.180
Weight factor w 0.00907 0.01380
Mean survis wbility X 0.286 0.384

Calculated t” = 0.649
Tabular t = 217
2~ not significant at 5% level

136
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TABLE B3

Mean Survival Probabilities for One Compared with
Two Helicopters When Conditional Kill
Probability 15 0.6

Helicopters
Consideration
1 2

Runs N 14 13
Variance s2 0.124 0.195
Weight factor w 0.00886 0.01500
Mean survivability X 0.235 0.343

Calculated t” = 0.701

Tabular t = 2,172

 not significant at 5% level

TABLE B4

Meon Survival Probobilities for One Compared with
Two Helicopters When Conditional Kill
Probability Is 0.8

Helicopters
Consideration
1 2
Runs N 14 13
Variance 52 0.121 0.203
Weight factor w 0.00864 0.01560
Mean survivability X 0.207 0.325

Calculated t* = 0.756
Tabular t = 2,172
< not significant at 5% level

TABLE BS
Meon Survival Probabilities for One Compared with

Two Helicopters When Conditional Kill
Probability Is 1.0

Helicopters
Consideration
1 2
Runs N 14 13
Variance s2 0.119 0.209
Weight factor w . 0.00850 0.01610
Mean survivability X 0.189 0.315

Calculated t* = 0.803
Tabuler ¢ = 2,172
~ not significant at 5% level
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Variations in Tactics

TABLE 86

Meon Survival Probabilities for Various Tactics When
Conditional Kill Probability Is 0.2

Tactic
Consideration .
. Low, dismount
High Low
and/or pop-up
Runs N 12 12 16
Mean survivability X 0.472 0.473 0.713
F = 2.07
Tabular F = 3.30

“ not significant at 5% level

TABLE B7

Mean Survival Probabilities for Vorious Toctics When
Conditional Kill Probebility Is 0.4

Tactic
. N " .
Consideration . Low, dismount
High Low
ond/or pop-up
Runs N 12 12 16
Mean survivability X 0.285 0.347 0.675
F = 4.53
Tabular F = 3.30

~ significant at 5% level

Significant Student.zed Ronges

p 2 3
Zp,37 2.87 3.02
Rp 1.07 1.13

s = 0373

High compared with low, dismount and/or pop-up

(XLDP - XH) V2x16x 12716 + 12 = 141> 113
~ significant at 5% level

Low compared with low, dismount and/or pop-up
(X

LoP - RL) V2x16x12/16+ 12 - 1.21 > 1.07
~ significant at 5% level

High compared with low

(R -X) Vaxi2x1212412 - 0.22< 107
~ not significant at 5% level

138
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TABLE B8

Mean Survival Probabilities for Vorious Tactics When
Conditional Kill Probobility Is 0.6

Tactic
Consideration . Low, dismount
High Low
and/or pop-up
Runs N 12 12 16
Mean survivability X 0.193 0.286 0.648

F = 5.97
Tabular F = 3.30
- significant at 5% level

Significont Studentized Ranges

p 2 3
307 287 302
RP 1.07 1.13

s = 0.373

High compared with low, dismount and/or pop-up

(X, pp - XH) V2x16x12/16+ 12 = 1.68>1.13

- significant at 5% level

Low compared with low, dismount and/or pop-up

(X pp - X ) V2x16x12/16 + 12 = 134> 1.07

LDP

=~ significant at 5% level

High compared with low

()'(L _XH)sz 12x12/12+12 = 0.32<1.07

~ not significant at 5% leve!
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TABLE B9

Meon Survivel Probabilities for Various Tactics When
Conditional Kill Probability Is 0.8

Tactic
Consideration
; Low, dismount
High Low and/or pop-up
Runs N 12 12 16
Mean survivability 0.141 0.249 0.628
F = 6.69
F.os - 3.30

. significant at 5% level

Significant Studentized Ranges

p 2 3
3,37 2.87 3.02
RP 1.07 1.13

s = 0.374

H’gh compared with low, dismount and/or pop-up

(X pp - %) VZx 1612716 + 12 - 1.80> 113

- significant at 5% level

Low compared with low, dismount and/or pop-up

(X -XL)sz 16 x 12/16 + 12 = 1.40 > 1.07

LDP

~ significant at 5% level

High compared with low

(XL - XH) V2x12x12/12+12 = 0.374 < 1.07

« not significant at 5% level
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TABLE B10

Meaon Survival Probabilities for Various Tactics When
Conditional Kill Probability Is 1.0

Tactic
Consideration
High Low LOW.’ dismount
and.’or pop-up
Runs N 12 12 16
Mean survivability X 0.109 0225 0612
F = 6.99

Tabular F = 3.30
~ significant at 5% level

Significont Studentized Ranges

[ 2 3
Zp,37 2.87 3.02
Rp 1.08 1.14

s = 0.377

High compared with low, dismount and/or pop-up

(X pp - Xy) V2% 16 x 12716 + 12 = 1.86> 1.14

~ significant at 5% level

Low compared with low, dismount and/or pop-up

(X RL)Jz x16x12/16+ 12 = 1.43>1.08

Lop "~

- significant at 5% level

High compared with low

(XL - X") V2x12x12/12+12 = 0.40 < 1.08

«~ not significant at 5% level
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Variations in Tactics and Helicopters Used

TABLE 811

Mean Survival Probabilities for Various Tactics and Helicopters
Used When Conditional Kill Probability is 0.2 :

Tactic

High Low Low, dismount

Consideration and/or pop-up

Helicopters’

1 2 1 2 1 2
Runs N - 6 3 4 4 4 6
Mean survivability X 0.361 0.323 0.160 0.430 0.706 0.598
F = 1.16
F g = 2.75

“ not significant at 5% level

TABLE 812

Mean Survival Probabilities for Various Tactics and Helicopters
Used When Conditional Kill Probability Is 1.0

Tactic
. Low, dismount
Consideration High Low and/or pop-up
Helicopters
1 2 1 2 1 2
Runs N 6 3 4 4 4 6
Mean survivability X 0.055 0.006 0.003 0.256 0,575 0.510
F = 207
Fos = 2.75

< not significant at 5% level
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Variations in Employment

TABLE B13

Mean Survival Probabilities for Yarious Employments When
Conditiona! Kill Probability Is 0.2

. Employment
Considaration
Dispersed Concentrated Moving
Runs N 15 19 6
Mean survivability X 0.411 0.557 1.000
F = 6.85
F o5 = 3.30

= significant at 5% level

Significont Studentized Ranges

[ 2 3
2,87 2.87 3.02
R; 0.95 1.00

s = 0.33

Dispersed compared with moving

(X‘M - X’D) J2<15%6/21 = 1.73 > 1.00

-~ significant at 5% level

Dispersed compared with concentrated

()'(’C -Xp) V2= 15x 19/34 = 0.599 < 0.95

~ not significant at 5% level

Moving compared with concentrated

(XC =X V2x19%6/25 = 1.34>0.95.

~ significant at 5% level
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TABLE B14

Meon Survival Probabilities for Various Employments When
Conditional Kill Probability Is 0.4

Employment
Consideration
Dispersed Concentrated Moving
Runs N 15 19 6
Mean survivubility X 0.252 0.452 1.00
F = 11.00
Fos = 3.30

. significant at 5% level

Significant Studentized Ranges

n 2 3
247 2.87 3.02
R;, 0.947 0.997

s = 0.330

Moving compared with dispersed

(XD - XM) V2% 15%6/21 - 2.19 > 0.997

=~ significant at 5% level

Moving compared with concentrated

(XC - XM) J2x19x6/25 = 1.65>0.947

~ significant at 5% level

Digpersed compared with concentrated

(XC X )V2x19x15/34 = 0.820 < 0.947

N

~ not significant at 5% level
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TABLE B15

Meon Survival Probabilities for Various Employments When
Conditional Kill Probability Is 0.6

Employment
Consideration
Dispersed Concentrated Moving
Runs N 15 19 6
Mean survivability X 0.173 0.396 1.000
F = 13.76
Fos = 3.30

=~ significant at 5% level

Significant Studentized Ranges

[ 2 3
%p,37 2.87 3.02
R‘; 0.93 0.98

s = 0.325

Moving compared ‘. ith dispersed

(Xp-Xy) V2x15<6721 = 2.42>0.98

~ significant at 5% level

Moving compared with concentrated

(R - )V2<19625 - 182093

~ significant at 5% level

Dispersed compared with concentrated

(')Z(, - )‘(D) J2x19 <15 3t = 0.91- 0.93

~ not significant at 5% level
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TABLE B16

Mean Survival Probabilities for Various Employments When
Conditional Kill Probability is 0.8

Employment
Consideration
Dispersed Concentrated Moving
Runs N 15 19 6
Mean survivability X 0.128 0.358 1.000
F - 15.93
Fos = 3.30

- significant at 5% level

Significant Studentized Ranges

[ 2 3
2,37 2.87 3.02
R'; 0.92 0.97

s = 0.321

Moving compared with dispersed

{XD-XM)sz 15% 6,21 - 2.55>0.97

~ significant at 5% level

Moving compared with concentrated

(X.-X)vV2x1yv625 - 1.9 .09
C M

~ significant at 5% level

Dispersed compared with concentrated

(XC - XD) 2190« 15 31 0.9 0.9

-~ significant at 3% level
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TABLE BV

Mean Survival Probabilities for Various Employments When
Conditional Kill Probability is 1.0

Employment
Consideration
Dispersed Concentrated Moving
Runs N 15 19 6
Mean survivability X 0.099 0.333 1.000
F = 17.18
Fos = 3.30

~ significant at 5% level

Significont Studentized Ranges

[ 2 3
z, 37 2.87 3.02
Rl; 0.92 0,95

s = 0319

Moving compared with dispersed

(XD - XM) V2x15x621 - 2.64>0.96

-~ significant at 5% level

Moving « compared with concentrated

(R -X)VZx 19263 - 201 > 0.92

.. significant at 5% level

Dispersed compared with concentrated

(XC - XD) V2x19x1534 = 0.96>0.92

+ significant at 5% level

RAC-T-433 147




kS
S

WEIGHTED ACQUISITION ANALYSIS
One Compared with Two Helicopters

TABLE B18
Mean Weighted Fraction Acquired for One
Compared with Two Helicopters When
Conditional Kill Probability 1s 0.02

Helicopters

Considerotion
1 2
Runs N 14 13
Variance s2 0.4669 0.4137
. Weight factor w 0.334 0.318
Mean survivability § 0.299 0.420
Calculated t* = 1.49
Tabular ! = 2.169

 not significant at 5% level

TABLE 819
Mean Weighted Fraction Acquired for One
Compared with Two Helicopters When
Conditional Kill Probability Is 1.0

Helicopters

Consideration
1 2
Runs N 14 13
Variance 52 0.6200 0.4258
Weight factor w 0.413 0.328
Mean survivability X 0.248 0.353

Calculatedt* = 1.25
Tabular t = 2.17

-~ not significant at 5% level

Variations in T: ctics

TABLE B20
Mean Weighted Fraction Acquired for Yorious Tactics When
Conditional Kill Probability Is 0.2

Tactic
Consideration ' Low, dismount
High Low
and/or pop-up
Runs N 9 8 10
Mean survivability { 0.347 0.337 . 0.382
F = 0.102
[ os = 3.40

~ not significunt at 5% level
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TABLE B21
Mean Weighted Fraction Acquired for Various Tactics When
Conditional Kill Probability 13 1.0

Tactic
Consideration Low, di
High Low ow, dismount
and/or pop-up
Runs N . 9 8 10
Mean survivability X 0.275 0.260 0.351
F = 0.36
F o5 = 3.40

+ not significant at 5% level

Variations in Tactics and Helicopters Used

TABLE B22
Mean Weighted Fraction Acquired for Various Tactics and Helicopters
Used When Conditional Kill Probability Is 0.2

Toctic

High Low Low, dismount
Consideration 9 ond ‘or pop-up

Helicopters

1 2 1 2 1 2
Runs N - 6 3 4 1 4 6
Mean survivability X 0.319 0.404 0.275 0.395 0.293 0.142
F = 0.39
F s = 2.70

~ not significant at 5% level

TABLE B23
Meon Weighted Froction Acquired for Various Tactics and Helicopters
Used When Conditional Kill Probability Is 1.0

Tactic

High Low Low, dismount
Consideration 9 and/or pop-up

Helicopters

1 2 1 2 1 2
Runs N _ 6 3 4 4 4 6
Mean survivability X 0.265 0.293 0.205 0.316 0.265 0.408
. F = 0.36
Fos = 2.70

~ not significant at 5% level
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Variations in Employment

TABLE B24

Mean Weighted Fraction Acquired for Various Employments When
Conditional Kill Probability Is 0.2

Employment
Consideration
Dispersed Concentrated Moving
Runs N 10 13 4
Mean survivability X 0.371 0.310 0.475
F = 0.86
F o5 = 3.40

< not significant at 5% level

TABLE B2S

Mean Weighted Fraction Acquired for Various Employments When
Conditional Kill Probability 15 1.0

Employment

Consideration
Dispersed Concentroted Moving

Runs N 10 13 4
Mean survivability X 0.283 0.256 0.475
F =134
F s = 3.40

~ not significant at 5% level
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Figures

C1.
C2-C5.
C6-Cl11.
Ci12-C17.
Cls8-C23.
C24-C28,
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Appendix C
MISSION PATIIS

Schematic of Event Reconstruction

Reconstruction of Events in Runs 1-1to 1-4
Reconstruction of Events in Runs 2-1 to 2-6
Reconstruction of Events in Runs 3-1 to 3-6
Reconstruction of Events in Runs 4-1 to 1-6
Reconstruction of Events in Runs 5~1 to 5-5

152
153
157
163
169
175

151
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Data were collected from four independent sources: pen recorder in re-
sponse to radio reports, maps drawn by RAC analysts at the ground positions,
flight paths drawn by pilots at air control after completion of the mission (in-
cluding the position of the targets acquired and the point of flight at which the
acquisition occurred), and gun-camera film. The overlapping of the informa-
tion collected allowed measuring the reliability of the data and made possible
the reconstruction of the events in the experimental runs in four dimensions
for position and time of happening. These reconstructions are shown in accom-

panying Figs. C2-C28.

. Pen Gun RAC Pilots' plotted
Radio . :
reports recorder camera analysts flight
dota film maps paths

Location and time
of occurrence of
acquisitions and firings

Fig. C1—Schematic of Event Reconstruction
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Fig C2—Reconstruction of Events in Run 1-1

1, OH-13, A, Tank, C, Moving APC, D, Moving jeep; E, Infantry machinegun position;
O, Ground; D Air, Mission path: ewes=  helicopter };, emem C D

Eiapsed time, Elapsed time,

Symbol Event min . sec Symbol Event min : sec
Q) Anrcaures ! 2.04 B 1 AcquiesC 1.43
ORREY 3-52 ¢ Acquires | 4.45
() Dacquires 355 (D CFiresat 1 448
(@)  AFues ot 1uncluding , (2  EAcquires .54
simulator fire) 3.56 @2  E Fires ot 1 (including
() Drfiesant 400 firing blanks) 4:56
(] 1 AcquiresD 4:02 A Acquires 6:22
(@) D Acquires 1 4:40 End of mission 9:00
Fires at | 442
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Fig. C3—Reconstruction of Events in Run 1-2

Vand 2, OH-13; A, Tank; C, Moving APC; D, Moving jeep; E, Infantry machinegun position;
O, Ground; D, Air; Mission path: e helicopter |, == ame  helicopter 2; *e=ee, C D

Elapsed time, Elapsed time,
Symbol Event min : sec Event min : sec

@ A Acquires | 0:19 D Acquires 2 27:07
(@)  AFires ot 1 (including @) DFiresar2 ' 27-08

simulator fire) 0:21 @D CAcquires2 28:25
m 1 Acquires A 0:27 @ 2 Acquires C 28:28
(D Ahcquies 1,2 4:04 @ CFiesar2 28:31
@ A Fires ot 2 fincluding @ E Acquires | 31.45

simulator fire) 4:06 @)  EFies at 1 including
(® D Acquires 1,2 24:58 firing blankss) 31.47
@ D Fires at 2 25:32 End of mission 33.00
2 Acquires D 25:35
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Fig. C4—Rcconstruction of Events in Run 1-3

1 and 2, OH-13; A, Tank; B, Jeep; C, Moving APC; D, Moving |eep; E, Infantry mochinegun position;

(O Ground, ], Arr, Mission path: ===, helicopter 1; == =, helicopter 2; -—-~, C, D
Elopsed time, Elapsed time,
Symbol Event min . sec Symbol Event min . sec
(D D Acquires 1 : 2.42 Bl 2Acquresc 10:47
@ 8 Acquires2 4.5 C Acquires 2 10.48
() B Acquires | 510 @  E Acquires 1 10.51
(D » Acquires 1 5.15 (© CFiresar2 10:52
(® B Acquires 1.2 5 26 Q) CAcquires 10:54
(© A acquires 1 8:20 1 Acquires € 11:06
@  AFresard 8:22 C Fures o | 11:18
1 Acquires B 9.38 @)  E Acquires 2 11:51
(9 AAcquires 1 10.05 @) £ Fires ot 2 (including
A Fires ot 1 (including firng blanks) 12.37
simulator fire) 10:07 @ D Acquires 1 13:36
[ 1 Acquires A 1014 @) DFiresarl 1337
@ AFresarl 10.18 End of mission 15.00
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Fig C5—Reconstruction of Events 1n Run 1-4

1 and 2, OH-13; A, Tank, B, Jeep; C, Moving APC; D, Moving jeep; E, Infantry machinegun position;
O, Ground; D, Air, Mission path, eweme  helicopter |; wmm wme liclicopter 2, comeews C D

Elapsed time, Elapsed time,
Symbol Event min : sec Symbol Event min : sec

@ A Acquires 2 12:23 C Acquires 2 16-07
(@) AFires at 2 (including (® D Acqires 2 1624

simulator fire) 12:25 D Fires ot 2 16:26
(®  AAcqures 1 1453 @  EAcquires 17:18
(@  AFuesat 1 (imcluding @ EFresarl 18.18

simulator fire) 14.54 @@  E Acquires 2 19.38
B 2Acaires A 15.24 E Fires at 2 19.40
(® D Acquires 1 16 03 End of mission 21-00
@ D Firesot 1 16.05
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Fig. C6—Reconstruction of Events in Run 2-1

1, OH-13; A, Tank; B, Jeep; C, Mo' ing APC; D, Moving jeep; E, Infantry machinegun position;
O, Ground; D, Air; Mission path: emss helicopter 1, eem<=~= C, D

Elopsed time, Elapsed time,

Symbol Event min : sec Symbol Event min : sec

® A Acquires | 3:09 E Acquires 1 507

@ A Fires at 1 (including @ E Fires at 1 (including

simulator fire) 32 firing blanks) 5:15

@ D Acquires 1 3:24 @ Fires at | 5:44

@ N Fires at ) 3:26 @ B Fires at 1 6:12

(® € Acquires 1 3.29 1 Acquires B 6:21

m 1 Acquires A 4:00 - @ E Fires ot | (including

@ B Acquires 1 4:52 firing blanks) 12:42

C Acquires 1 5:00 1 Acquires E 13:08

@ C Firesat | 5.07 End of mission 13:30
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Fig C7—Reconstruction of Events in Run 2-2

1 and 2, OH-13, A, Tank, B, Jeep; C, Moving APC; D, Moving (eep; E, Infantry machinegun position;

Q. Ground, [ ], Arr, Mission poth: sm===, helicopter 1; == == helicopter 2; =—=— C, D
Elapsed time, Elapsed time,
Symbol Event min : sec | Symbol Event min : sec
D) AAcquires 1 6:26 @ < Acquires 2 18:28
(@  AFuesat 1 including T Fures ot 2 18:32
“simulator fire) 6:28 E Acquires 2 22:04
Gl 1 Acquires A 654 ? Acquires B 2456
@ A Acguires 2 7130 @ B Acquires 2 2512
() AFresa2 7 44 @ BFiresa? 25:14
® D Acquires? 7.52 @)  E Acquires 2 27.48
(@) DFresar2 754 @)  E Acquires | 30:08
A Fires ot 2 755 @)  EFures at 1 fincluding
(9 DAcquires 1,2 11:08 firing blanks) 20-58
D Fures at 2 16 C Acquires 2 1124
@  EAcquires 13.30 @ CFuesar2 3129
@  Cacquirest 13.31 E Acquires 2 2146
F 1 acquiresc 13:40 E Fires at 2 (including
B Acquires | 15:04 firing blanis) 31.47
@) BFresal 15:36 End of mission 31:55
2 Acguires C 18:02
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Fig. C3—Reconstruction of Events in Run 2-3

1, OH-12, A, Tonk; B, Jeep; C, Moving APC; D, Moving jeep, E, Infantry machinegun position;
O, Ground; D, Air; Miss,on path: s  helicopter 1, ==-==, C, D

Elapsed time, Elapsed time,
Symbol Event min : sec Symbol Event min : sec
@ AAcquires 234 (® £ Acquires 1 120
(@  AFiresat | (including (® € Acquirss ! 16:12
simulator fire) 0:37 E Fires ot 1 (including
1 Acquires A 038 firing blanks) 16:20
(@ D Acquires 0.40 1 Acquires E 16.35
(G) DFiresarl 0:42 @ 8 Acquires 1 18:06
(®)  AAcquires ) 1.26 (3 BFresarl 18:07
1 Acquires A 134 End of mission 24:00
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Fig C9—Reconstruction of Events in Run 2-4

1, OH-13, A, Tonk; B, Jeep, C, Moving APC, D, Moving jeep, E, Infantry machinegun position;
O, Ground, D, Air, Mission path e, helicopter |;, mmees C D

Elapsed time, Elopsed time,
Symbol Event min sec Symbol Event min  sec

[0 1 AcquiresDd 0.45 (D EAcquires 1 3.56
(@) AAcquires | 0 47 B Acquires 1 10-00
() AFuwesarl (including (9 8Firesant 10:01

simulator firel 0:49 C Acquires 1 10:14
@ 1 Acquires A 051 @) CFuesarl 10:32
(5  DAcquires 197 End of mission 11:00
(®) DFresarl 128
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Fig. C10—Reconstruction of Events in Run 2-5
1, OH-13; A, Tank; B, Jeep; C, Moving APC; D, Moving jeep; E, Infantry machinegun position;
O, Cround; D, Air; Mission path: emmes  helicopter |, == e=we C, D
Elopsed time, Elapsed time,
Symbol Event min : sec Symbol Event min : sec
@ D Acquires 1 1:54 @ D Acquires 1 6-52
@ D Fires at 1 1:56 @ D Firesat 1 6:53
@ A Acquires 1 2:53 C Acquires 1 8:01
[ 1 Acquires A 2:54 (D CFiesal 8:17
1 Acquires D 2:56 B Acquires 1 8:42
@ A Fires ot | (including @ E Acquires 1 9:04
simulator fire) 2:57 E Fires at 1 (including
1 Acquires C 3:58 firing blanks) 9:06
A Acquires 1 6:42 } Acquires E 9:08
@ A Fires at 1 (including @ B Acquires | 11:54
simulator fire) 6:44 @ B Fires ot | 12:03
1 Acquires A 6:45 End of mission 13:20
@ 1 Acquires D 6:46
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Fig. C11—Reconstruction of Events in Run 2-6

1 ond 2, OH-13, A, Tank, B, Jeep, C, Moving APC; D, Moving jeep, E, Infantry machinegun position,
O, Ground; D, Air; Mission path: s helicopter |, wwmw emwm helicopter 2, »emewm C, D

Elapsed Elopsed Elopsed
time, time, time,

Symbol Event min_sec | Symbol Event min.sec | Symbol Event min:sec
(D D Acquires 1 037 E Acquires 2 428 1 Acquires C 459
@ A Acquires | 1.00 @ E Fires at 2 (includ- @ 2 Acquites A 5.02
(3 D Acquires 2 104 ing finng blanks) 430 | (20 D Acquires 2 5.03
(0 DFiresar 2 1:10 1 Acquires E 440 D Fures at 2 5.05
@ E Acquires 1 119 @ C Acqguires 2 4:42 C Acguires 1 5:28
[E] 1 Acquires C 122 2 Acquires E 4.44 C Fires at | 5.30
(D € Acquires 1 1:24 E Acquires | 4:44 1 Acquires A 53
(8) EFuesat 1 linclud- E Fires at 1 finclud- (G2) A Acquires ! 5 56

ing firing blanks) 1 36 ing firing blanks) 446 | (3) A Fures ot 1 tinclud-
5] 2Acquires € 138 | @) B Acquires 1 4:46 ing simulator fire) 6.0
C Acquires 2 139 | @) BFuesarl 4:51 D Acqurres ! 6:00
QD A Acquires 2 150 | @3 A Acquires 2 452 | (5 DFuwesarl 6:01
(@ B Acquires | 152 A Fires ar 2 459 End of mission 700
@ BFresar 153
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Fig. C12—Reconstruction of Events in Run 3.1

1, OH-13; A, Tank; B, Jeep, C, APC; D, Mortar APC; E, Jeep;
O, Ground; D,Air; Mission path; sesms  helicopter |

Elepsed time, Elapsed time,

Symbol Event min : sec Symbol Event min : sec
(D) D Fires simulator 1:40 ()  AAcquires | 28:45
(@ O Fires simulator 4:50 @ AFiresar 28:46
() D Fires simulator 11:28 [0 1 Acquires E 28:48
(®) D Fires simulotor 18:15 [ 1 Acquires A 28:58
() D Fires simulator 21:28 @ D Acquires 1 29:00
(®)  E Acquires 1 28:24 C Fires at 1 29:04
@ E Fires at 1 28:32 End of mission 30:00
C Acquires 1 28.34

RAC-T-433 163




70

P A
69 —= \\
Pt
/‘.‘\\( i:z
68 \ B
\ L/ .E AdY o
\N\ é o9 7 14
& ‘) 0/©]€
, 10 (12) (13 SRl
66 1/
/
2/
47 48 49 50 51 52 53 54 55
64
63

Fig. C13—Reconstruction of Events in Run 3-2

1 and 2, OH-13; A, Tank, B, Jeep; C, APC; D, Mortar APC; E, Jeep; X, Dismount position;
O, Ground; D,Au; Mission poth: swmss helicopter |, =mm emm helicopter 2

Elapsed time, Elapsed time,

Symbol Event min : sec Symbol Event min . sec
@ D Fires simulator 0:34 @ A Acquires 1 11:12
(@) D Fires simulotor 3:50 D Fires simulator 11:26
@ D Fires simulator 5:52 E 1 Acquires E, A 12:12
(@)  EAcquires 2 8:05 @ D Fures simulator 1312
() EFresar2 8:20 @ D Fures simulator 14.26
E 2 Acquires E 224 E Acquires | 15:02
(@) B Acquies 10:09 End of missi n 19.00
D Acquires | 10:26
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Fig. C14—~Reconstruction of Events in Run 2-3

1, OH-13; A, Tank; B, Jeep; C, APC; D, Mortar APC; E, Jeep,
O, Ground, D, Air; Mission path: ewme  helicopter 1

Elapsed time, Elapsed time,
Symbol Event min : sec Symbol Event min : sec
@ D Fires simulator 0:32 E Acquires } 9:00
@) D Acauires 1 5.45 Q)  CAcquires ) 9:08
()  DFires simulator 5:52 @ CFiresal 9:10
@ B Acquires 1 5:57 @ A Acquires 1 9:42
@ E Acquires 1 6:00 E Fires ot 1 9:51
(®)  CAcauires ) 6:03 @9 AFiresar? 9.56
@ A Acquires ! 6:12 1 Acquires E 9.57
1 Acquires A 613 (@) D Acquires 1 10:04
() BFiresa! 6:14 End of mission 11:00
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Fig. C15—Reconstruction of Events in Run 3-4

1 and 2, OH-13; A, Tank; B, Jeep, C, APC; D, Mortar APC; E, Jeep; X, Dismount position;
O, Ground; D, Air; Mission path; == helicopter |; == ams helicoptcr 2

Elapsed time, Elapsed time,
Lymbol Event min : sec Symbol Event min : sec
() DFires simulator 0:36 B Acquires 2 67:24
(@ D Fires simulotor 7:15 @)  CAcquires 2 67:29
(3 D Fires simulator 12:02 A Acquires 2 67:3
(@ D Fires simulator 18:14 @ BFiresar2 67:40
@ D Fires simulator 20:29 D Fires simulator 67:52
(®  DFures simulator 22:29 B Acquires 1 67:53
(@) D Fires simulator 29:00 2 Acquires D, A 68:00
D Fires simulotor 34:52 @ B Fires at 1 68:05
(9)  DFires simulator 3910 @D D Acquires | 68:06
D Acauires 1 45.00 @3  E Acquires | 68:08
) EAcqures 51.23 E Acquires 2 68:12
. (@ Bacquires 52.08 @) D Acquires 2 68:14
(3 2 Acquires A 54:05 End of mission 68:20
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Fig. C16—Reconstruction of Events in Run 3-5
1, OH-13; A, Tank; B, Jeep;, C, APC; D, Mortar APC; E, Jeep;
O, Ground, D,Air; Mission path: wmes  helicopter 1
Elopsed time, Elapsed time,
Symbol Fvent min : sec Symbot Event min : sec
@ E Acquires 1 0:32 @ E Acguires 1 8:12
@ D Fires simulator 0:38 @ C Acquires 1 8:52
Q) CAcquires 0:54 )  EFresar 9:01
(@ B Acquires | 116 B Acquires 1 9:38
@ D Acquires 1 1:28 @ 1 Acquires B 9:57
@ A Acquires | 1:36 D Acquires 1 9:59
@ A Fires at 1 ’ 1:47 @ A Acquires 1 10:00
A Acquires 1 5:46 A Fires at 1 10:10
@ A Fires at | 6:03 End of mission 11:00
D Fires simulator 6:36
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Fig. C17—Reconstruction of Events in Run 3.6

Vand 2, OH-13; A, Tank; B, Jeep, C, APC, D, Mortar APC, E, Jeep, X, Dismount position,
O, Ground; D, Air; Mission path: ssssm  helicopter |, == emm  helicopter 2

Elopsed time,

Elapsed time,

Symbol Event min . sec Symbol Event min  sec
() D Acquires 2 1.00 2 BFresar2 36.32
m 2 Acquites D 1.06 @ E Acquires 2 36:40
B D Acquires | 10:34 () EFresa? 36 42
(® £ Acquires ) 25:40 @ B Acqires 37.04
() CAcquires 1 33:07 C Acquires | 3710
(®  AAcqures 32.35 1 Acqu.res A, C, D 37 14
1 Acquires B 33.42 C Fires at 1 37 16
B Acquires 1 24 40 D Acquires 1 37.20
(® BFiresarl 34:45 A Acquires | 37.28
A Acquires 2 35.54 @) AFwesar) 37.33
@) B Acquires 2 36:28 End of mission 38:00
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Fig. C18-~Reconstruction of Events in Run 4-1
1, OH-13; A, Tank; B, Jeep; C, Infantry machinegun position; D, APC; E, Jeep;
O, Ground; D, Air; Mission path: e  helicopter )
Elapsed time,
Symbol Event min : sec
@ C Acquires 1 3:52
m 1 Acquires A, D 3:56
Q) AAcquires | 3.56
@ D Acquires 1 3.58
@ B Acquires | 4:00
@ D Fires at 1 4.03
@ A Fires at | 4:05
End of mission 6:00
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Fig. C19—Reconstruction of Events in Run 4-2

1ond 2, OH-13; A, Tank; B, Jeep; C, Infantry machinegun position; D, APC, E, Jeep; X, Dismount position;
O, Ground,; D, Air; Mission path- wmms helicopter 1; emme e helicopter 2

Elapsed time,

Symbol Event ~ min : sec
m 1 Acquires A 28:04
@ A Acquires 2 44:34
1 Acquires A, D, C 61-08

End of mission 6200
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Fig. C20—Reconstryction of Events in Run 4.3

1, OH-13; A, Tank, B, Jeep; C, Infantry machinegun position; D, APC, E, Jeep; X, Dismount position;
O, Ground; D, Air; Mission path: wemss, helicopter 1

Zinpsed time,

Symbol Event min : se¢
@ E Acquires 1 43:0%
@ C Acgquires | 43:12
(3  CFires a1 (including

firing blanks) 43:14
@ B Acquires | 43:20
() BFiresarl 43:22
@ 1 Acguires D 52
End of mission 5400
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Fig. C21—Reconstruction of Events in Run 4-4

1and 2, OH-13, A, Tank; B, Jeep; C, Infantry machinegun position; D, APC; E, Jeep, X, D smount position;
O, Ground; D, Air, Mission path: emee= helicopter |, emm ams helicopter 2, ==ce= ,Observer on foot

Elopsed nme,

Symbol Event min . sec
@ A Acquires 2 0:25
(@ EAcquires) 630
2 Acquires A 16:55
[ 1 Acquires E 28:00
E 2 Acquires C 31:18
@ E Acquires 1 31:36

End of mission 42:00
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Fig. C22—Reconstruction of Events in Run 4-5

1and 2, OH-13; A, Tank, B, Jeep; C, Infantry machinegun position; D, APC; E, Jeep,
O. Ground; D, Air; Mission path: =  helicopter |, e=w o= heficopter 2

Elopsed time,

Elapsed time,

Symbo! Event min : sec Symbol Event min - sec
@ A Acquires | 1:40 @ D fcquires 1 413
@ A Acquires 2 332 @ A Acquires 2 432
@ B Acquires 2 3.37 A Fires ot 2 4.38
@ A Fires at 2 3.46 C Acquires 2 440
@ B Fires at 2 3:46 E Acquires 1 4-48
2 Acquires A, D 3.52 C Fires ot 2 (including
@ A Acquires | 354 firing blanks) 4.52
A Fires at | 400 @)  CAcquires 1 5:20
@ B Acquires | 4:01 @ C Fires at 1 (including
C Acquires 1 4.04 firing blanks) 5:24
@ D Acquires | 4:06 @ D Acquires 2 5:32
@ £ Acquires | 4-08 @ D Fm;s at 2 5:50
@‘ B Fires at ) 4-10 End of mission 6 00

‘No event 14,
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Fig. C23—Reconstruction of Events in Run 4-6

1, OH-13, A, Tank; B, Jeep, C, infantry machinegun position, D, APC, E, Jeep;
O, Ground, D, Air, Mission path. emsms heficopter 1

Elapsed time, Elapsed time,

Symbel Event min  sec Symbol Event min  sec
(D AAcqures ) 803 AFues at 1 12:14
1 Acquires A 814 (9 D Acquires 1 1314
1 Acquires D ' 8:16 A Acquires 1 13:33
(D D Acquires 817 () D Acquires | 12:35
(5 8 Acquires ! 8.22 D Fuesat 1 13:39
(6  CAcquires ) 8.73 ATires at 1 13-4)
() E Acquires ) 8. Q0  E Acquires 1 13 54
1 Acquires B 823 @) B Acquires 1 13.56
(9 8Fresarl 828 @) CAcquires ) 14:00
C Fires at 1 lincluding @) BFresar! 14:03
firing blanks) 8.22 C Fires ot 1 (including
(D EAcquires ! 11.24 firing blanks) 14 09
(2  AAcquires 12 02 End of mission 14:30
@ D Acquires 1 12:08
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Fig. C24—Reconstruction of Events in Run 5-1

1, OH-13; A. Mcving APC; B, Moving APC; D, Moving jeep; E, Moving jeep; X, Dismount position;
Q, Pop-up position; O, Ground; D, Air; Mission poth: e helicopter |, esesa, Observer

on foot; eweem A B, e sem DE

Elapsed time,
min : sec

Symbol Event
m 1 Acquires E
@ E Acquires 1
@ E Fires at 1
E 1 Acquires A, B

End of mission

4:56
5:00
6:10
614
8-00
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Fig. C25—Reconstruction of Events in Run 5-2

1 and 2, OH-13, A, Moving APC; B, Moving APC; C, Mcving APC; D, Moving |eep, E, Moving jeep;
O, Ground; D, Air, Mission poth. ewsms helicopter |, e=-=—_ABC;DE

Elgpsed time,

Symbol Event min : sec
@ A Acguires } ‘ 8:42
@ C Acquires | 8:52
1 Acquires A, B 901
(@ B Acquires 904
(5) D Acquires 9:13

End of mission 10:00
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Fig. C26—~Reconstruction of Events in Run 5-3

1, OH-13; A, Moving APC; B, Moving APC; D, Moving jeep; E, Moving jeep, O, Pop-up position;
O, Ground; D, Air; Mission path: e helicopter |; emess A B;D; E

Elaopsed time,
Symbol Event min : sec
m 1 Acquires A 0:42
(@ D Acquires 1 1:36
®  AAcquires 4:40
@ D Acquires 1 4:47
End of mission 7:00
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Fig. C27—Koconstruction of Events in Run 5-4

Moving column had completed move ;. rior to helicopter arrival ond was in assembly arec.

1. OH-13; A, APC; B, APC; D, .<ep; E, Jeep, O Pop-up position;

O, Ground; D,Air; Missivn poth; mmems helicopter 1

Elapsed time,
Symbol Event min : sec

@ A Acquires 1 40:31
(@ AFies a1 40.42
@ D Acquires 1 40:46
(® OFiresar- 40:48
() B Acquirss ! 1:10
@ B Fires at 1 41:14
@ E Acquires | 41:14
E Fires at | 416
1 Acquires A, B 41:42

End of mission 42:00
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Fig. C28—Reconstruction of Events in Run 5-5

1 ond 2, OH-13; A, Moving APC; B, Moving APC; D, Moving jeep; E, Moving jeep; O, Pop-up position;
O, Ground; D, Air; Mission path: emmme helicopter |; === amm, helicopter 2; am ==, A, B, D; E

Elopsed time,
Symbol Event min : sec
0] 1 Acquires A, B 10:55
‘ End of mission 15:00
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Figures

D1-D10.

D11-D18.

D19-D24,

D25-D32.
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Appendix D
GUN-CAMERA LAY

Frequency Distribution of Horizontal and Vertical Lay
Error of Jeep-Mounted .30-cal Machinegun for Various
Ranges

Frequency Distribution of Horizontal and Vertical Lay
Error of Infantry-Fired .30-cal Machinegun for Various
Ranges

Frequency Distribution of Horizontal and Vertical Lay
Error of Tank-Mounted .50-cal Machinegun for Various
Ranges

Frequency Distribution of Horizontal and Vertical Lay
Error of APC-Mounted .50-cal Machinegun for Various
Ranges
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As a by-product of the principal objective . the experiment—determining
the effectiveness of several reconnaissance techniques —a considerable body of
data was generated concerning the accuracy of gun lay against the OH-13 heli-
copter. Camera procedures, conditions under which firings occurred, center-
of-mass aiming-point constraint, and film-reading methods are discussed in
the main body of the report.

The data are g.ouped first by weapon and weapon mount and then by en-
gagement range in 250-m increments. The following Figs, D1-D32 show the
frequency distributions of horizontal and vertical lay errors, measured in mils,
of weapons used in the experiment as represented in individual frames of film
(taken at 16 frames/ sec).
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Appendix E

METEOROLOGIC AL CONDITIONS

Table

I1. Meteorological Information Provided by Federal Republic of '
Germany Air Basc. Roth. Germany

to
—
-1
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Weather not only influences air-ground detection capabilities but also
affects performance of the aircraft itself. The following Table E1 presents
meteorological conditions existing during each of the experimental days. Data
were obtained from a German air base located in the immediate vicinity of
operations.

Army regulations specify the following daytime minimums for rotary
wing operation: 500-ft ceiling, '4-mile visibility; and 25-knot maximum wind
velocity.

Intervisibility was not affected by cloud cover or haze, nor was helicopter
performance hampered by wind, temperature, or humidity.
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" Appendix F

TARGETS
Day 1
Stationary Targets—Moving Targets

Day 2
Stationary Targets—Moving Targets

Day 3
Stationary Targets

Day 4
Stationary Targets—Moving Targets

Day 5
Moving Targets
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All target positions were selected with the help of military advisors.
Primary consideration was given to a ground enemy threat. Stationary targets
were tactically located, i.e., were positioned in such manner as to make good
use of natural camouflage while still being afforded near-maximum line of
sight and fire. Moving targets traveled on roads or paths that were either
completely within wooded areas, alongside a woodline, or, when in the open,
masked by high wheatfields.

Tabulation of the planned tactics for each of the 5 days of the exercise
follows.

DAY 1

STATIONARY TARGETS

A, Tank

Tactical objective: To observe primary north-south road and alternate
avenue of enemy advance in its sector, and provide firepower as required.

Azimuth angular field of view: 210 deg.

Maximum line of sight: 2000 m.

Average line of sight: 1200 m.

Crew: 4 men (tank commander, operating .50-cal macninegun; gunner,
operating 90-mm gun; loader, observing from his hatch; driver, observing
from side of vehicle).

B, Jeep (runs 3 and 4 only)

Tactical objective: To observe the portion of forward sector masked
from A,

Azimuth angular field of view: 180 deg.

Maximum line of sight: 1200 m.

Average line of sight: 800 m.

Crew: 3 men (jeep commander, in vehicle; gunner, operating .30-cal
machinegun; observer, in tree adjacent to vehicle).
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E, Infantry Position

Tactical objective: To provide delaying action at river crossing.

Azimuth angular field of view: 120 deg.

Maximum line of sight: 700 m.

Average line of sight: 500 m.

Crew: 6 men (2 groups with gunner operating .30-cal machinegun and
two observers each).

MOVING TARGETS

C, APC
Length of route: 1000 m.

Characteristics of route: 45 percent, wooded on both sides; 45 percent,
wooded on one side; 10 percent, open fields on both sides.

Speed of movement: 10-20 mph except when stopped to fire.

Crew: 3 men (APC commander, operating .50-cal machinegun; driver;
observer).

D, Jeep
Length of route: 500 m.

Characteristics of route; 20 percent, wooded on both sides; 30 percent,
wooded on one side; 50 percent, open fields on both sides.

Speed of movement; 5-15 mph except when stopped to fire.

Crew: 3 men (jeep commander; driver; gunner operating .30~cal
machinegun.

DAY 2

STATIONARY TARGETS

A, Tank

Tactical objective; Tn observe possible southern avenue of enemy approach
in its sector and provide {irepower as required.

Azimuth field of view: 270 deg.

Maximum line of sight: 2000 m.

Average line of sight: 900 m.

Crew: 4 men (tank commander, operating .50-cal machincgun; gunner,
operating 90-mm gun; loader, observing from his hatch; driver, observing
from side of vehicle).

B, Jeep

Tactical objective: To observe posible northern avenue of enemy approach
in its sector.
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Azimuth field of view: 360 deg.

Maximum line of sight: 1000 m.

Average line of sight: 500 m.

Crew: 3 men (jeep commander, in vehicle; gunner, operating .30-cal
machinegun; observer, in tree adjacent to vehicle).

E, Infantry Position

Tactical objective: To observe key road junction in HS sector at
Putzenreuth,

Azimuth field of view: 180 deg.

Maximum line of sight: 900 m.

Average line of sight: 700 m.

Crew: 6 men (2 groups, each with one gunner operating a .30-cal machine-
gun and two observers).

MOVING TARGETS

C, APC

Length of route: 1000 m.

Characteristics of route: 10 percent, wooded on both sides; 60 percent,
wooded on one side; 30 percent, open fields on both sides.

Speed of movement: 5-15 mph except when stopped to fire.

Crew: 3 men (APC commander, operating .50-cal machinegun; driver;
observer).

D, Jeep

Length of route: 400 m.

Characteristics of route: 60 percent, wooded on one side; 40 percent,
open fields on both sides.

Speed of movement: 5-10 mph except when stopped to fire.

Crew: 3 men (jeep commander; driver; gunner, operating .30-cal
machinegun,

DAY 3

STATIONARY TARGETS

A, Tank

Tactical objective;: To provide defensive firepower for committed
assembly area.

Azimuth angular field of view: 250 deg.

Maximum line of sight: 800 m.

Average line of sight: 500 m.
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Crew: 4 men (tank commander, operating .50-cal machineghn; gunner,
observing from top of tank; loader, observing from his hatch; driver, observing
from side of vehicle).

B, Jeep

Tactical objective; To observe sector to rear of assembly area.

Azimuth angular field of view: 300 deg.

Maximum line of sight: 900 m.

Avera:ge line of sight: 500 m.

Crew: 3 men (jeep commander, in vchicle; gunner, operatmg .30~cal
machmegun, observer, in bushes ad]acent to vehicle).

C, APC

Tactical objective: To provide defensive firepower for committed
assembly area.
Azimuth angular field of view: 150 deg.
Maximum line of sight: 900 m.
~Average line of sight: 700 m.
Crew: 3 men (APC commander, operating .50-cal machinegun; 2 ob-
servers in vehicle).

D, APC

Tactical objective: To fire mortars at Schwabach (simulated).

Azimuth angular field of view: 150 deg.

Maximum line of sight: 800 m.

Average line of sight: 400 m.

Crew: 2 men (APC commander, operating .50-cal machinegun; observer,
on top of vehicle).

E, Jeep

Tactical objective;: To observe sector forward of assembly area.

Azimuth angular field of view: 180 deg.

Maximum line of sight: 800 m.

Average line of sight: 500 m.

Crew: 3 men (jeep commander, in vehicle; gunner, operating .30-cal
machinegun; observer, in bushes adjacent to vehicle).

DAY 4

STATIONARY TARGETS

A, Tank

Tactical objective: To observe sector west of perimeter defense and
and provide firepower as required.
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Azimuth angular field of view: 120 deg.

Maximum line of sight: 1200 m.

Average line of sight: 700 m.

Crew: 4 men (tank commander, operating .50-cal machinegun; 2 ob-
servers on vehicle; one observer alongside vehicle in woodline).

B, Jeep

Tactical objective: To observe sector east of perimeter defense.

Azimuth angular field of view: 210 deg.

Maximum line of sight: 700 m.

Average line of sight: 400 m.

Crew: 3 men (jeep commander, in vehicle; gurner, operating .30-cal
machinegun; observer, in vehicle).

C, Infantry Position

Tactical objective: To observe sector south of perimeter defense.

Azimuth angular field of view: 200 deg.

Maximum line of sight: 400 m.

Average line of sight: 200 m. :

Crew: 6 men (2 groups, each with one gunner, operating .30-cal machine-
gun, and two observers). .

D, APC

Tactical objective: To observe sector north of perimeter defense.

Azimuth angular field of view: 210 deg.

Maximum line of sight: 500 m.

Average line of sight: 300 m.

Crew: 3 men (APC commander, firing .50-cal machinegun; 2 observers
on vehicle).

E, Jeep (runs 3 to 6 only)

Tactical objective: To observe sector south of perimeter defense.

Azimuth angular field of view: 180 deg.

Maximum line of sight: 400 m.

Average line of sight: 300 m.

Crew: 3 men (jeep commander, in vehicle; gunner operating .30-cal
machinegun; observer, in vehicle).

MOVING TARGETS

E, Jeep (runs 1, 2 only)

Length of route: 500 m.

Characteristics of route: 80 percent, wooded on both sides; 20 percent,
wooded on one side.

Speed of movement: 10-20 mph.

Crew: 3 men (jeep commander; driver; gunner, operating .30-cal
machinegun.
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DAY 5

MOVING TARGETS

A, APC

Length of route: 2000 m.

Characteristics of route: 100 percent, open fields on both sides.

Speed of movement: 5 mph.

Crew: 3 men (APC commander, operating .50~-cal machinegun; driver;
oLserver).

B, APC

Length of route: 2000 m.

Characteristics of route: 100 percent, open fields on both sides.

Speed of movement: 5 mph.

Crew: 3 men (APC commander, operating .50-cal machinegun; driver;
observer),

C, APC (run 2 only)

Length of route: 2000 m.

Craracteristics of route: 100 percent, open fields on both sides.

Speed of movement: 5 mph.

Crew: 3 men (APC commander, operating .50-cal machinegun; driver;
observer).

D, Jeep

Length of route: 2500 m.

Characteristics of route: 60 percent, wooded on both sides; 40 percent,
open fields on both sides.

Speed of movement: 5=-15 mph.

Crew: 3 men (jeep commander; gunner, operating .30-cal machinegun;
driver),

E, Jeep

Length of route: 2500 m.

Characteristics of route: 5 percent, wooded on both sides; 40 percent,
wooded on one side; 55 percent, open fields on both sides.

Speed of movement: 5-15 mph.

Crew: 3 men (jeep commander; gunner, operating .30-cal machinegun;
driver)
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